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PREFACE TO THE FOURTH EDITION 


In this fourth edition the writer and his colleagues have made 
changes throughout the work in presenting stanoai .1 methods that 
have been adopted as such by the American Chemical Society, 
by the American Society for Testing Materials, and other organi¬ 
zations conducting method investigations. The large amount of 
work done in this line since the publication of the last edition of 
Standartl Methods has necessitated addition of considerable 
matter and the deletion of obsolete methods. To accomplish this 
work we have increased our staff from thirty-seven to fifty- 
two members. 

The following brief survey takes up the more important addi¬ 
tions and changes of the fourth edition-Dr. H. V. Churchill, 
Chief C'hemist of the Aluminum Company of America, has con¬ 
tributed towards the chapter on Aluminum and has revised this 
section; Dr. W. R. Schocller and A. R. Powell, authors of The 
Analysis of Minerals and Ores of the Rarer Elements, have 
rewritten the chapter on Cerium and the Rare Earths and have 
added a chapter on Indium, Thallium and Other Rare Elements; 
the writer has contributed a new method for the determination of 
Vluorihe in the chapter on the subject and has added to the 
chapter on Iron, including the diphenylaminc internal indicator 
method for dichromate titrations; the section on steel analysis 
has been largely transferred to a special chapter in Vol. 2 ; addi¬ 
tional methods have been added to the chapter on Lead and the 
A.S.T.M. method for the analysis of pig lead has been included; 
in the chapter on Manganese, in addition to approved A.S.T.M. 
methods, we have included the bismuthatc method as modified by 
R. W. ('oltnian and T. R. Cunningham, which makes this method 
applicable to large amounts of manganese as well as the minute 
amounts for which it was originally recommended; the thiocyanate 
method for mercury as recommended by A. H. Low has been 
included in the chapter on Mercury. Dr. Paul D. Mercia, Director 



PREFACE 


xii 

of Research, and Mr. T. Fudge, Chief Chemist, The International 
Nickel Company, have contributed to the chapter on Nickel. 
Mr. L. E. Barton has contributed his paper on the subject of the 
determination of nitrogen in steel to the chapter on Nitrogen and 
has revised the chapter on Titanium. The writer has added to 
the chapter on Phosphorus and has rewritten a portion of this 
section. The chapters on Platinum, Palladium and the Rarer 
Elements of the Platinum Group have been carefully revised by 
Mr. R. E. Hickman and contributions made to this section by 
Edward Wichers, U. S. Bureau of Standards. The chapter on 
Radium, by Professor L. D. Roberts, has been placed in Volume i. 
We are grateful to Dr. Victor Lenher, Head of the Analytical 
Department, University of Wisconsin, for the complete revision of 
the chapter on Selenium and Tellurium. Some attention has been 
given to the chapter on silver, a portion of this being rewritten 
and the U. S. Mints method being added, together with tables 
for rapid calculating of results, for which we are indebted to 
Mr. A. E. Moynahan, Chief Assayer, Denver Mint. A new 
chapter on the Fire Assay of Gold and Silver, by Professor Irving 

A. Palmer, follows the chapter on Silver. Mr. C. A. Newhall, 
Consulting Chemist, Seattle, Washington, has contributed several 
methods of the determination of Sulphur. The chapters on 
Thorium and Zirconium have been completely rewritten by Dr. 
H. M. P. Brinton, Head of the Division of Analytical Chemistry, 
University of Minnesota. All the chapters have been reviewed by 
their respective contributors and revised where necessary. 

In Volume 2 some of the subject matter has been rearranged 
on account of the growth of certain sections to avoid repaging of 
the entire volume. The volume opens with the chapter on 
Sampling by Mr. J. B. Barnitt, Chief of Development Division’, 
Aluminum Company of America, replacing the chapter on Aci- 
dimetry and Alkalimetry which has been placed in the latter 
portion of the volume. The writer has contributed a few pages 
on methods of decomposition of material for analysis. Mr. W. 

B. Price, author of Technical Analysis of Brass and Non-Ferrous 
Alloys, has completely rewritten the chapter on Alloys, adding a 
number of methods, approved as Standards by the American 
Society of Testing Materials. We are indebted to Dr. A. Camp¬ 
bell, President of the Globe Soap Company, for the latest Standard 
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method in the analysis of Soap and Soap Products; the chapter 
has been placed later in the volume owing to expansion. Mr. R. 

K. Meade has completely rewritten his chapter on Cement and 
has included the latest approved methods recommended by the 
American Engineering Standards Committee. The chapter on 
Paint and Paint Pigments has been revised by the authors— 
Mr. H. A. Gardner, Director of the Institute of Paint and Varnish 
Research, and Dr. J. A. Schaeffer, Vice-President and Chief 
Chemist, Eagle-Picher Lead Company. Professor A. H. Gill, 
Massachusetts Institute of Technology, has thoroughly revised his 
chapters on Fixed Oils, Fats and Waxes and Gas Analysis. Dr. G. 
A. Burrell and Mr. J. M. Morehead have contributed to the chapter 
on Gas Analysis. A number of new methods have been included in 
these sections. Mr. S. Collier, Chemist in Charge of the Rubber 
Laboratory, Waukegan Plant, Johns-Manville, Inc., and Chairman 
of the Committee on Revision of method for rubber analysis, has 
given us the latest American Standard Methods on this subject; Mr. 

L. E. Salas has presented the latest English procedures. The writer 
has added a chapter on the Analysis of Iron and Steel and a 
chapter on Slag Analysis to the latter portion of the work. The 
methods adopted as Standards by the A.S.l'.M. for analysis of 
Steel have been followed in the subject on Steel. The methods 
for Slag Analysis are largely those of the Anaconda Copper 
Company. The chapters on Water Analysis have been revised 
and portions rewritten by their authors Mr. D. K. French and 
T)r. F. E. Hale. Mr. H. Abraham has brought his chapter on 

Bituminous Substances to date. A new chapter on Standard 
Apparatus, by Mr. R. M. Meiklejohn, Chief Chemist, General 
Chemical Company, is included in Volume 2. Drs. G. L. Kelley 
and J. S. Coye have added to their chapter on Electrometric 
Titrations. A numljer of procedures, which could not well be 
classed under chapters mentioned, have been included by the 
writer in the Miscellaneous Chapter. The growth in the impor¬ 
tance of Metallography in the analytical laboratory has induced 
us to include this subject in our work. The chapter is contributed 
by Mr. Joseph Winlock, Research Chemist, Edward G. Budd 
Mfg. Co., and includes the latest developments in the subject. A 
chapter on Determination of Poisons has been added by Dr. Arthur 
R. Maas, Consulting Chemist, Los Angeles, California. Prof. R. 
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C. Beckstrom, head of the Department of Petroleum Engineering, 
Colorado School of Mines, has contributed a section dealing with 
certain chemical and physical tests of oil that are not included in 
Prof. Gill’s chapter on oil analysis. 

The excellent cooperation of the contributors to Standard 
Methods of Chemical Analysis has made this work possible. We 
have been ably supported by a staff of co-workers, who are recog¬ 
nized specialists in the subjects that they have presented. The 
names of a number of the staff have become familiar to us through 
their contributions to chemical literature. Some have published 
works that are considered standards in their special lines, and have 
received a wide circulation. It gives us considerable pleasure to 
offer to our chemical fraternity the reliable information of these 
men. We are also indebted to those who have called to our at¬ 
tention certain errors appearing in the third edition and those who 
have offered suggestions and criticisms of previous editions. We 
are grateful for all such suggestions and criticisms and will welcome 
these on the present edition. We realize that absolute perfection 
can not be expected, but in the fourth edition of Standard Methods 
of Chemical Analysis, we have made an effort to present what is 
considered thoroughly up to date and reliable. 

Wilfred W. Scott. 

University of Southern California, 

Los Angeles, California, 

August, 1925. 



PREFACE TO FIRST EDITION 

This book is a compilation of carefully selected methods of 
technical analysis that have proven of practical value to the 
professiohal chemist. The subjects have been presented with 
sufficient detail to enable one with an elementary knowledge of 
analytical processes to follow the directions; on the other hand, 
lengthy exposition, theoretical dissertation and experimental data 
are purposely avoided, in order to include a large amount of in¬ 
formation in a compact, accessible form. References to original 
papers are given when deemed advisable. 

For methodical arrangement the material is grouped under 
three major divisions—Part I. Quantitative determination of the 
elements. Part II. Special subjects. Part III. Tables of infor¬ 
mation. 

In the first division the elements are generally taken up in 
their alphabetical order, each chapter being fairly complete in 
itself, cross-references being given to certain details included 
elsewhere to avoid repetition. For example, the complete di¬ 
rections for separation of the halogens are given in the chapter 
on chlorine, and references to these details are given in the chap¬ 
ters dealing with the other members of this group. Occasionally 
it has been deemed advisable to place several related elements 
together in the same chapter. 

Each chapter on the elements is generally arranged according 
to the following outline: 

• Physical Properties. Atomic' weight; specific gravity; melting- 
point; boiling-point; oxides. 

Detection. Characteristic reactions leading to the recognition 
of the element. 

Estimation. The subject is introduced with such information 
as is useful to the analyst. 

Preparation and Solution of the Samples. Here directions arc 
given for the preparation and decomposition of characteristic 
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materials in which the element occurs. Recommendations to the 
best procedures are included to assist the analyst in his choice. 

Separations. This section is devoted to procedures for the 
removal of substances, commonly occurring with the element, 
that may interfere with its estimation. In the absence of such 
substances, or in case methods are to be followed by which a direct 
estimation of the element may be made in the presence of these 
substances, this section on separations may be omitted in the 
course of analysis. Here the discretion of the chemist is necessary, 
and some knowledge of the substance examined essential. 

Methods. The procedures are grouped under gravimetric and 
volumetric methods. Several processes are generally given to 
afford the opportunity of selection for particular cases and for 
economical reasons where special reagents may not be available. 

In many of the chapters methods for determining traces of 
the element are given, and the subjects are concluded by typical 
examples of complete analysis of substances containing the elements. 

The titles to the procedures generally give a clue to the processes. 
Names of originators are occasionally retained where common 
usage makes the methods generally known by these. 

Although the combined acid radicals are taken up with the 
elements to which they may be assigned, a chapter is devoted to 
the more important of the acids in their free state, and is placed 
with the other special subjects in the second division of the book. 
Here are found chapters on water, paint, oil, alloys, coal, cement, 
gas, and such subjects as are best classed in sections apart froh» 
simple substances dealt with in the first portion of the work. 

The last portion of the book is devoted to tables of the more 
important arithmetical operations. These are designed to assist 
the analyst to greater accuracy of calculations, as well as to relieve 
him of needless expenditure of time and energy. 

The material herein included has been carefully selected, an • 
effort having been made to obtain the more trustworthy methods 
that will meet the general needs of technical chemists. 

A list of the majority of publications consulted is given in 
alphabetical order in the appendix of this volume. Reference to 
these authorities will be found throughout the book. 

W. W. Scott. 

New York City, 

January, 1917. 
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by chlorine method, Volhard’s method; traces of bromine, 94-96. Arsenous acid 
method for bromates, 96. Analysts of crude potassium bromide and commercial 
bromine, 96-97. Determination in mineral water; separation from iodine, 97. 

CADMIUM 

Detection—as sulphide, tube test, blowpipe tests, 99. Estimation, 99. Prepara¬ 
tion and solution of the sample, 100. Seimrations from silica, arsenic, antimony, tin, 
bismuth, copper, mercury, zinc, 100-101. Gravimetric methods—Procedure for ores; 
determination as sulphate, electrolytic methiKl, 101-103. Volumetric method, 103. 

* CALCIUM 

Detection—as oxalate, flame test, spectrum of calcium, 104. Estimation and 
occurrence, 104. Preparation and solution of the sample—limestone, dolomite, mag¬ 
nesite, cement, lime, gypsum. Plaster of Paris, sulphates, silicates, chlorides, nitrates 
and other water soluble salts, .sulphides, pyrites ore, 10.5. Separation of calcium from— 
silica, iron, alumina, copper, nickel, cobalt, mangancsi', zinc, barium, strontium and 
the alkalies, treatment in presence of phosphates of iron and aluminum, decomposition 
of material, 105, 106. Gravimetric methods—precipitation as calcium oxalate; other 
methods, 107-108. Volumetric method by titration of the oxidate with standard 
Ijotassium permanganate solution, 108. Precipitation from acetic acid solution, 
Builar’s rapid iodine method, 108a. Available lime, 108. Methods for analysis of 
gypsum and gypsum products, 108l>-108d. 

CARBON 

Detection—element, carbon dioxide in carbonates and in gas, free carbonic acid in 
water, distinction between carbonates and bicarbonates, carbon monoxide, 109. Esti¬ 
mation, 110. Preparation of the sample—iron, steel and alloys; organic matter; 
carbonates and bicarbonates, 110. Separation of carbon from other substances; separa¬ 
tion from iron by the cupric potassium chloride method, 110-111. Gravimetric method 
—combustion furnaces, types of absorption apparatus, general procedure for determining 
carbon by combustion, 111-115. Graphitic carlmn in iron and steel, 11.5-116. Com¬ 
bined carbon, 116-117. Determination of carbon in organic substances—organic 

2 



XXII 


COl^TENTS 


matter free of nitroRen, haloiRens, sulphur and the metals, 117; carbon and hydrogei 
in iiitr»K»noua aubatMucvH, IM; orRUiiic sulxiluiices eoiitainini; halogens, 120; wet 
coinbustiou process, 120-121. UiiUii inination of carbon dioxide in carbonates— 
gravimelric; hydrometer method for earlxjnates, method for determining perborates, 
121-127. Residual and available carbon dioxide in baking powder, 123-124. Deter¬ 
mination o'' carbon dioxide by measuring the gas, 123 (126, reference). Determination 
by loss of weight, 124. Volumetric methods, total carbon by barium hydroxide absorp¬ 
tion, 127. Direct colorimetric method (or determining carbon in iron and steel, Beneker- 
Eggertz method, 127-130. Analysis of graphite, 130. Volumetric determination of 
hydrocyanic acid in soluble cyanides, Liebig’s method, Volhard’s method, determination 
of cyanide and thiocyanate, 131-133. 

CERIUM AND THE OTHER RARE-EARTH METALS 

Table of projx>rties, minerals, qualitative tests, detection of cerium, 133-133b. 
Quantitative analysis, dccomimsition of minerals, separations—rare earths and thoria 
from other metals, separation from thoria, separation of cerium from rare earth metals, 
134-13.5. Estimation of cerium—gravimetric and volumetric, 136. F,stimation of 
other rare cartlis—estimation of the sum of the rare earths other than ceria, estimation 
of the cerium and yttrium group, estimation of the individual earths, 137. Technical 
methods—cerium in minerals, ceria in thoria and thorium nitrate, detection of didymium 
in cerium salts, 138. 

CHLORINE 

Detection—free chlorine, chlorides by silver nitrate test, free hydrochloric acid, 
detection of chlorine in presence of cyanatc, cyanide, thiocyanate, bromide, iodide, 
chlorate. Test for hypochlorite, chlorite, chlorate, p'rohlorate, 142-143. Estimation 
—occurrence, 143. Preparation and solution of the sample—water-soluble chlorides, 
watcr-insohiblc chlorides, silver chloride, chlorine in roelis, free chlorine, chlorine in 
ores and cinders, 143-144. Determination of halogcift in organic com|>ounds—Garius 
method, 145; lime method, 140; sodium peroxide method, 140. Separations—chlorine 
and the halides from the heavy metals, the halides from silver and silver cyanide; 
separation of the halides from one another, chlorine from iodine, and from bromine 
and iodine, 148. Gravimetric method—determination of chloride by precipitation as 
silver sidt, 148a. Volumetric methods—silver thiocyanate ferric alum method of 
Volhard, silver chromate method of Mohr, volumetric method for determination of 
free chlorine, t4S>-151. Determination of hypochlorons acid in presence of chlorine, 
151. Gravimetric method for determinaUon of chloric acid, 1.52. Gravimetric deter¬ 
mination of perchloric acid, 152. Determination of chlorates and' perchlorates in 
presence of one another, 1.53. Determination of hydrochloric; chloric, and pcrehlqric 
acids in presence of one another, 1.53. Estimation of chlorine, bromine and iodine in 
presence of each other, 154. Chloride and cyanide in a mixtuA, chloride, cyanide, 
thiocyanate in presence of each other, 154-1.55. Evaluation of bleaching powder, 
chloride of lime, for available chlorine, 155. 

CHROMIUM 

Detection—test with barium salt, hydrogen peroxide, reducing agents, ether, 
diphenyl carbazide, 156. Estimation, 156. Preparation and solution of the sample— 
genera' procedures for decomposition of refractory materials, special procedures—high 
silica ores, chrome iron ores, iron and steel, 157-158. Separations—chromium from 
iron and aluminum, 134. Gravimetric methods—precipitation of chromic hydroxide 



CONTENTS 


xxiii 


and ignition to CrjOj, determination as barium chromate, 15b-160. Volumetric 
* methods—jMitassium iodide method, procedure by reduction with ferrous salts, 161-162. 
Detennination of small amounts of chromium, diphenyl-carbazide method, 162-16.3. 
Determination of chromium in soluble chromate; chromite, .steel, Ib'l. Dichromate- 
diphcnylamine method for chromium in iron <uxs and alloys; Duboscq Colorimeter, 
chlorate method for cluximium in steel, 164-165. 

COBALT 

Detection—general procedure, potassium .sulphocyanate, potassium nitrite, 166. 
Estimation, 167. Preparation and solution of the sample—general procedure for 
ores, cobalt oxides, metallic cobalt, nickel and cobalt alloy.s, 167. Separations— 
ammonium sulphide group from hydrogen sulphide,’ ammonium sulphide group from 
the alkalkis, eobalt and nickel from immganese, cobalt from nickel, cobalt from zinc, 
168. Gravimetric methods—precipitation of cobalt with potus.sium nitrite, nitroso- 
l*ta-nai)hthol method, electrolytic deposition of metallic cobalt, 169. Determina¬ 
tion of cobalt in cobalt oxide, 171. Cobalt in the commercial metal and in ferro- 
cobalt, 172. Cobalt in metallic nickel, 172. Cobalt in ores and in enamels, 173. 
Determination of cobalt in stexil, Dufty’s sulphide pyrophosphate method. 174. Volu¬ 
metric methods, 175. 


COPPER 

Detection—general procedure, flame test, wet tests, hydrogen sulphide test, other 
methods, 177. Estimation—occurrcncii, 177. Preparation and solution of the sample— 
solubilities, decomposition of copper or(!s, suljdiide ores, copisir pyrites, copper glance, 
iron pyrites, matte, oxidized ores, oxidis, treatment of nnitte slag, mctels, iron ores and 
iron on! briquettes, steel, cfi-st iron and alloy steels, 178-181. Separations—precipi¬ 
tation of cupper as sulphocyanate, .separation of copper by im!cipitatioii in metallic 
fonn by a more ixMitive element, scparivtion from mcmlwrs of the ammonium sulphide 
and suijseiiuent groups; removal of silver, removal of bismuth, leiul, mercury, arsenic, 
antimony and tin; .separation from ciulmium, 181-182b. Gravimetric methods— 
determination as cuiirous sulphocyanate, determination os copper oxide. Dejsisition 
of metallic copper by electrolysis—introduction. Rapid methods—solenoid method of 
Heath, deiiosition from nitric acid solution, deposition from ammoniacjil solution. 
Slow methods—electrolytic determination of copjwr in blister copper, standard pro¬ 
cedure of Nichols Copixir Company, large portion and small jxjrtion methods, traces 
of copper in tlw! electrolyte, notes and precautions for the electrolytic deposition of 
copper, 183-192. Volumetric mctho<ls for determining (!oppcr based on precipita¬ 
tion copper as cuprous thiocyanate—iodide methods, ixirmanganate method, De- 
morest’s method, Volliard’s method, Garrigues’ method, 193-196. Colorimetric 
determination of small amounts of copper—potassium ethyl xanthatc method, ferro- 
cyanide method, ammonia method, hydrogen sulphide method, 197-199. Determina¬ 
tion of impurities in blister copper—bismuth, iron, lead, zinc, nickel, cotmlt, arsenic, 
antimony, selenium, tellurium, oxygen, sulphur, phosphorus, 199-205. Determination 
of copp(!r in refined copper, 205. Chlorine in cement copper and copper ores, 200. 
Copper in blue vitriol, 207. Copper and lead determination in brass, 207. Methods 
for determining the combinations of copper in ores and furnace products. The silver 
sulphate sulphuric method, phosphoric acid, ammonium chloride method, caustic soda 
sodium tartrate method, sulphuric acid mercury method, cop|x;r in brass, 208-211. 
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FLUORINE 

Detection—etching test, hanging drop test, black filter paper test, 212-214. Esti¬ 
mation—occummcc, 214. Preparation and solution of the sample—solubilities, organic 
substances, silicious ores and slags, calcium fluoride, soluble fluorides, hydrofluoric 
acid, fluorspar, 214-215. .Separations—removal of silicic acid from fluorides, separation 
of hydrofluoric and phosphoric acids, separation of hydrofluoric from hydrochloric and 
lioric acids, 21.5-216. Gravimetric methods—precipitation as calcium fluoride, as lead 
chlorofluoride, 216-217. Volumetric methods—Offennan’s method, ferric chloride 
method, .Steiger and Merwin colorimetric method, Scott’s calcium acetate method for 
fluorine in fluorsimr and alkali fluorides, 218-236. Valuation of fluorapar, standard 
method of the Fairview Fluorspar and Lead Company, 225. Analysis of sodium 
fluoride, 226. Determination of traces of fluorine, 227. 

GOLD 

Detection of gold in alloys, test for gold in minerals, bensidine acetate teste, phenyl- 
hydrazine acetate test, 228-229. Estimation—solubility, 229. Gravimetric methods— 
wet gold assay of minerals, electrolytic method, 230. Volumetric methods—per¬ 
manganate and iodide methods, 2.31-232. Colorimetric metho<ls—procedures of 
Pnster, Cassel, Moir, 2.33-234. Preparation of proof gold, Furnace method—refer¬ 
ence, 234-23.5. 

INDIUM, SCANDIUM, THALLIUM 

Occurrence, detection and quantitative analysis of indium, 139. Occurrence, 
detection and qimntitativc analysis of scandium, 140. Occurrence, detection and 
methods of separation and determination of thallium, 140b. Volumetric method, 
electrolytic method, uses, 141. 

IODINE 

Detection—element, free iodine characteristics, iodide, iodate, 236. Estimation— 
occurrence, 236. Preparation and solution of the sample, iodides of silver, copper, 
mercury, lead, ete., iodates, free iodine (commercial crystals), iodine or iodides m water, 
organic substances, mineral phosphates, 236-237. Separations—iodine from heavy 
metals, from bromine or from chlorine, separation from chlorine and bromine—^palla- 
dous iodide method, 2.38-239. Gravimetric methods—precipitation of silver i^ide, 
determination as palladous iodide, 239. Volumetric methods—hydriodic acid and 
iodides by thiosulphate or by arsenite titration, decomposition by ferric salts, decom¬ 
position with potassium iodate, nitrous acid method of Freseuius, hydrogen peroxide— 
phosphoric acid method, chlorine method of Mohr, Volhard’s method, &9-243. Deter¬ 
mination of iodates, periodates, and iodates with periodates in a mixture, 244-245. 
Determination of iodine in mineral waters, 245. 

IRON 

Detection—^ferric iron, hydrochloric acid solution, sulphocyanate, ferrocyanide, 
sahcylic acid, sodium peroxide tests; distinction between ferrous and ferric salts, 246. 
Estimation—occurrence, 246. Preparation and solution of the sample—solubilities, 
soluble iron salts, sulphide and oxide ores, iron ore briquettes, silicates, iron and steel, 
separations—general procedure; special cases, ether method, 247-248. Gravimetric 
methods—determination as oxide, Fe»Oj; Cupferron method, 249-250. Volumetric 
methods—general considerations, by oxidation, the iron having been reduced—^titrap 
tion with potassium dichromate, dichromate diphenylamine method for iron, 256. 
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Potassium permanganate, Jones redactor method, 251-267. Optional permanganate 
method, 257a. Permanganate method with diphenylamine—Scott, 257b. Titanous 
chloride method for ferric iron, 268. Stannous chloride method for determining ferric 
iron, 260. Colorimetric methods for determining small amounts of iron—with sulpho- 
cyanatc, with salicylic acid, 260-261. Technical analysis of iron and steel—^with 
specifications of Baldwin Is)comotive Works. Introduction; preparation of the sample, 
combined or carbide carlmn-eolorimetric method, specifications for combined carbon; 
total carbon by combustion; graphite in iron; manganese by persulphate method, 
lead oxide procedure of Deshey, method by U. S. Bureau of Standards — mangancst! by 
the bismuthate method; specifications for manganese; determination of phosphorus 
by the alkalimetric and molylulato methods; specifications for phosi)horus; determina¬ 
tion of sulphur by the evolution method; mcthiMl by the U. S. Bureau of Standards; 
s[)ecifications for sulphur in iron and steel; determination of silicon, rapid foundry 
method, method by the U. S. Bureau of Standards; sixicifications for silicon in iron 
and steel, 26.3-270. 

LEAD 

Detection—hydrochloric acid test, hydrogen sulphide test, confirmations of tests, 
271. Kstimation—occurrence, 271. Priiparation and solution of the sample—sol¬ 
ubilities, decomiwsition of ores, minerals of lead, iron pyrites, alloys, 272. Separations 
—isolation of lead as sulphate, separation from barium, isolation as lend chloride, 
ammonium acetate extraction of lead from the impute sulphate, 273. Gravimetric 
methods—determination of lead as sulphate, as chromate, as molybdate, electrolytic 
determination as peroxide, PWlj, 274-276b. Volumetric methods—ferrocyanidc 
method, molylxlatc method, chromate method, ix;rmanganatc method of IjOW, colori¬ 
metric chromate method, 276-278. Determination of small amounts of lead—gravi¬ 
metric methods—by ammonium acetate extraction, by occlusion with iron hydroxide, 
Seckcr-Clayton method modified; colorimetric estimation, 281-285. Analysis of 
metallic lead, method of the National lead Company, modified, 286-290c. Deter¬ 
mination of lead peroxide in minium, 290d. 

MAGNESroM 

Detection—general procedure, test with baryta or lime water, 291. Estimation— 
occurrence, 291. Preparation and solution of the sample—solubilities, general pro¬ 
cedure for ores, 292. Separations—removal of members of the hydrogen sulphide 
group, ammonium sulphide group, separation from the alkaline earths, 292. Gravi¬ 
metric determination by precipitation as ammonium magnesium phosphate, 293. 
Volumetric determination by titration of ammonium magnesium phosphate with 
standard acid, 294. 

MANGANESE 

Detection—general procedure, manganese in soils, minerals, vegetables, etc., borax 
test, sodium carbonate and nitrate tests, 295. Estimation—occurrence, 295. Prepara¬ 
tion and solution of the sample—solubilities, decomposition of ores, sulphides, slags, 
iron ores, alloys, manganese bronze, ferro-titanium alloy, ferro-chromium, metallic 
chromium, ferro-aluminum, vanadium alloys, molybdenum alloys, tungsten alloys, 
silicon alloys, iron, steel and pig iron, 296-297. Separations—^removal of the members 
of the hydrogen sulphide group, separation of manganese from the alkaline earths and 
the alkalies, from nickel and cobalt; basic acetate method for removal of iron and 
aluminum, 298-300. Gravimetric method—isolation of manganese as the dioxide. 
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MiiOj, determination as manganese pyrophosphate, 300. Volumetric methods— 
Volhard's method, hisniiithate method, manganese in ores, ferro-manganese, manganese 
metal, manganous sulphate standard, ammonium iwrsulpliate colorimetric method, 
oxidation of manganese with oxides of lead, William herd’s method, 301—306. Analysis 
of spicgel iron for manganese, how’s oxalate method for ores, 307. 

MERCURY 

IJetcction—genend i)n)ccdures, 308. Estimation—occurrence, 308. Preparation 
and solution of the sample—solubilities, dccomisjsition of ores, 308-309. Separations 
—removal of mercury in presence of mcmliers of the ammonium sulphide, ammo¬ 
nium carbonate! and soluble groups; separation of mercury from arsenic, antimony, 
tin, lead, bismuth, eopper, cadmium, selenium, tellurium, organic substances, ,309. 
Gravimetric methods—[irecipitation as sulphide, determination by electrolysis, Hollo- 
way-Eschka process, 310-312. Volumetric process by Seamon’s method, thiocyanate 
method, 312. Thiocyanate method, 312.a. Mercury in organic matter, 312b. 

MOLYBDENUM 

Detection—genend procedure, sodium thiosulphate test, sulphur dioxide test, 
phosphate trat, detection in minerals, characteristics of molylslenite, 313. Estima¬ 
tion—occurrence, 313. Preparation and solution of the siunple—solubilities, decom¬ 
position of ores, steel and iron, 314. Separations—molylwlenum from iron in presence 
of largo amounts of iron, separation from the alkalies, alkaline earths, lead, copper, 
cadmium, bismuth, vanadium, arsenic, phosjihoric acid, titanium and tungsten, 314- 
315. Gravimetric method.s—precipitation as lead molylalate, determination as oxide, 
MoOj, after precipitating with mercurous oxide, deterndnation as sulphide, 316-317. 
Volumetric methods—iodomctric reduction method, estimation by reduction with 
Jones reductor and subsequent permanganate titration, determination of molybdenum 
and vanadium in a mixture of the two. Determination of molyhdenum in ores, 318- 
320. Determination of commonly occurring substances in molybdenum ores—arsenic, 
copper, i)hosphoru8, 321-328. 

NICKEL 

Detection—general procedure, dimethylglyoxime test, alpha Ijensildioxime test, 
3‘29. Estimation, 330. Preiraration and solution of the sample, solubilities, general 
procedure for decomposing ores, fusion methods, solution of metallic nickel and its 
alloys, 330-,3;n. Separations—ammonium sulphide group from hydrogen sulphide 
and from the alkaline earths and alkalies; separation of nickel from cobalt, manganese, 
zinc, iron, aluminum, chromium, 331-332. Gravimetric methods—^precipitation^ of 
nickel by alpha Ixmzildioxime, precipitation by dimethylglyoxime, electrolytic deposi¬ 
tion of nickel, nickel in metallic nickel, in cobalt and cobalt oxide, 3.32-336. Volu¬ 
metric determination of nickel in alloys, determination in nickel-plating solutions, 336. 
Method for nickel in steel, 330n. Ethcr-cxtraction-cyanide method, 336b. Methods 
of the International Niekcl Ck)mpany for determining impurities in nickel, 336e-336f. 

NITROGEN 

•Detection—organic nitrogen, nitrogen in gas mixtures. Ammonia, free and com¬ 
bined, tests for. Nitric acid—^ferrous sulphate test, lUphcnylaminc test, copper test, 
phcnolsiilphonic acid test. Detection of nitrous acid—by lujctic acid, by potassium 
permanganate, 337-338. Estimation—occurrence, com{>osition of air; free nitrogen, 
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total nitrogen, combined nitrogen, 338-339. Preparation of the sample—organic 
substances—method in absence of nitrates, method in presence of nitrates; soils— 
available nitrate, ammonium salts, nitrates, nitrites, mixtures of ammonium salts, 
nitrates and nitrites; nitric acid in mixed acid, 339-341. Separations—ammonia, 
nitric acid, removal of nitrous, chromic, hydrobromic and hydriodic acids, 341-342. 
Procedures for the determination of combined nitrogen—ammonia—gravimetric deter¬ 
mination of ammonia by precipitation as ammonium platinochloridc, 342. Volu¬ 
metric methods—analysis of aqua ammonia, combined ammonia in ammonium salts; 
analysis of ammoniacal licpior—ammonia, carbon dioxide, hydrochloric acid, hydro¬ 
gen sulphide, sulphuric acid; determination of traces of ammonia (ref.), 342-345. 
Nitric acid—gravimetric determination by precipitation as nitron nitrate, 3451 Volu¬ 
metric methods—direct estimation of nitrates by reduction to ammonia by the AUen- 
Devarda method, 346. Analysis of nitrate of soda—moisture, insoluble matter, sodium 
srilphate, iron, alumina, lime, magnesia, sodium chloride and airbonaUa, 349-350. 
Nitric nitrogen in soil extracts by Vamari-Mitscherlich-llevarda method, 350. Deter¬ 
mination of hydroxyl amine, .351. lodoraetric determination of nitrates, 3.52-3.53. 
Determination of nitrogen of nitrates and nitrites by means of the nitrometer—general 
procedure, duPont nitrometer method, 351-3.57. Determination of nitric acid in 
oleum by duPont nitrometer method, 357. Combined (reference to ferrous sulphate 
method) and free HNOa, 357. Determination of nitrites. Bouvold’s gravimetric 
method, permanganate volumetric method, 3.58. Detection of a nitrate in a nitrite 
salt, 3.59. Detennination of pyridine in ammonium nitrate, nitrogen in steel, Barton’s 
method, 358-361. 

PHOSPHORHS 

Detection—clement, acids—hypophosphorous, phosphorous, orthophosphoric, meta- 
phosphoric, pyrophosphoric, comparative table, 362-363. Estimation—occurrence, 
typical ores, 363. Preparation and solution of the sample—iron ores, phosphate rocks, 
minerals, iron and steel, csist iron, ferrous alloys, onis with titanium, soluble phosphates, 
baking powder, 364-365. Gravimetric methods—lUrect weighing of ammonium 
phosphomolytulate, determination as magnesium pyrophosphate; direct precipitation 
of magnesium ammonium phosphate, 366-.367. Volumetric methods—by titration 
with an alkali, by titration of the reduced molybdate with potassium i»rmangannte, 
.368-370. Special procedures for alloys, 370a-370b. Phosphate rock analysis— 
(tentative methods of the committee on standard methods), sampling and determination 
of moisture, phosphoric acid, iron and aluminum phosphates, iron, 371-375. Volumetric 
determination of free phosphoric acid, 375. 

• PLATINUM 

Detection—general characteristics, tests with potassium iodide, hydrogen sulphide, 
ammonium chloride, potassium chloride, ferrous sulphate, stannous chloride, oxalic 
acid, sodium hydroxide with glycerine, formic acid, etc., 376-377. Estimation— 
characteristic substances containing platinum, 377. Iheparation and solution of the 
sample—solubilities, decomposition of ores, platinum scrap, substances containing 
small amounts of platinum, 377-379. Separations—platinum from gold, from iridium, 
palladium, ruthenium, rhodium, osmium, 379-380. Gravimetric methods—weighing 
as metallic platinum, weighing as a salt, electrolytic method, 380-381. 

Palladium.— Detection — testa with alkalies, ammonia, mercuric cyanide, potassium 
iodide, hydrogen sulphide, etc., 382-383. Estimation—Preparation and solution of 
the sample. Separations—palladium from platinum and iridium, from silver and gold. 
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383-384. Gravimetric methods, 384. Determination of platinum and palladium in 
gold bars, 385. Platinum and palladium in refined silver, in copper slimes and in gold 
bars, 386-388. 

R4RJER ELEMENTS OF THE ALLIED PLATINUM METALS 

Iridium. —Detection—tests with caustic alkalias, potassium chloride, ammonium 
chloride, hydrogen sulphide, metallic zinc, formic and sulphurous acids, 388. Estima¬ 
tion—Preparation and solution of the sample, 38!). Separations—^iridium from plat¬ 
inum, 389. Gravimetrie methods, reduction with zinc, ignition of the ammonium 
salt, insoluble residue, 390. Method of Dcville and Stas modified by Gilchrist, 390. 

Ruthenium. —Detection—^potassium hydroxide, hydrogen sulphide, ammonium 
sulphide, metallic zinc, 3!)0b. Estimation—Preparation and solution of the sample. 
Separations—nithcnium from platinum, from iridium, from rhodium, 391. Gravi¬ 
metric methods, 392. 

Rhodium. —Detection—tests with hydrogen .sulphide, potassium hydroxide, am¬ 
monium hydroxide, potassium nitrite, reducing agents, 393. Estimation—Prepara¬ 
tion and solution of the .sample. Separations—rhodium from platinum, from iridium, 
from ruthenium, 394. Gravimetric methods, 39,')b. 

Osmium. —Detection—characteristics, tests with hydrogen sulphide, potassium 
hydroxide, ammonium hydroxide, reducing agents, 396. Estimation—Preparation 
and solution of the sample. Gravimetric methods, 397-398. 

Assay Mcthcxls for Platinum Ores, 399. 

Comparative reaction table, 400. 

POTASSIUM, SODIUM AND OTHER ALKALIES 

Detection—sodium, potassium, 401; Uthium, rubidium and caisium, 402-403. 
Estimation, 404. Solution of the sample—procedure for rocks and other insoluble 
mineral products, procedure for soils, fertUizers, organic compounds, ashes of plants, 
saline residues, soluble salts and brines, 404—405. Separations—alkali metals from other 
constituents—hydrogen sulphide and ammonium sulphide groups of metals; separa¬ 
tion from silica; from iron, alumina, chromium, titanium, uranium, phosphoric acid; 
separation from sulphates; from barium, calcium, strontium; separation from iron, 
alumina, chromium, barium, calcium, strontium, phosphates, sulphates, etc., in one 
operation; separation from boric acid; separation from magnesium—mercuric oxide 
method, barium hydroxide method, ammonium phosphate method; separation of the 
alkali metals from one another—separation of sodium from pota-ssiimi; lithium from 
sodium and potassium; Uthium and sodium from potassium, rubidium and csesiiftn, 
405-408. Methods for the determination of sodium—as sodium chloride, as sodium 
sulphate, difference method, 409-410. Methods for the determination of potassium— 
as chloroplatinate, modified chloroplatinate method, Lindo-Gladding method, per¬ 
chlorate method, other methods, 410-413. Determination of sodium and potassium 
by indirect method. Determination of magnesium, sodium and potassium in presence 
of one another, 413. Methods for determining lithium—determination as lithium 
chloride, as lithium sulphate, Gooch method, Rammelsberg method, spectroscopic 
method, 41.3-414. Determination of sodium, potassium, and Uthium in the presence 
of one another. Determination of the alkalies in silicates by J. Lawrence Smith method, 
416. Hydrofluoric method, 417. AlkaUcs in alunite, 417. Volumetric methods, 418. 
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RADIUM 

General outline, 419. Detection, electroacopc, 419. Estimation—alpha ray 
method, 420. Em ination method, 420. Gamma ray method, 426. Carbonate fusion, 
bisulphate fusion, other fusions, methods of testing, calculations, 420-429. 

SELENIUM AND TELLURIUM 

Detection—general procedure; detection of selenium—tests with sulphimc and 
hydrochloric acid.s, barium chloride, hydrogen sulphide, detection of tellurium—fusion 
te.st, tests with hydrogen sulphide, pobissium iodide and reducing agents, 4:)0-431. 
Estimation—occurrence of selenium and tellurium, 434. Preparation and solution of 
the sample, selenium and tellurium solubilities, decomposition of ores, 438. Separa¬ 
tions—selenium and tellurium from the iron and zinc group metals, from alkalies and 
alkidine earths, from cadmium, copper and bismuth, separation from silver and gold, 
separation of selenium from tellurium by direct precipitation and by distillation methods, 
432-434. Estimation—the two elements by the distillation of sep.aration, 432-434. 
Gravimetric methods—determination of selenium by precipitetion with sulphur dioxide, 
precipitation of tellurium by sulphur dioxide, potassium iodide reduction method, 
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VOLUME I 

PART 1 

TECHNICAL METHODS FOR THE DETECTION AND 
DETERMINATION OF THE MORE IMPORTANT 
ELEMENTS 




li fB.1927 


ALUMINUM! 


Al. at.wt. 26.%; sp.gr. 2.583; m.p. 658.7°; b.p. 2200°; oxide AI,Oi. 

DETECTION 

General Procedure. The sample is prepared by one of the procedures out¬ 
lined under “Preparation and Solution of the Sample.” Silica is removed by 
taking the solution to dryness, boiling the residue with hydrochloric acid and 
filtering. The members of the hydrogen suliihide group are removed ns usual 
with HjS, the filtrate boiled to expel the excess of II-S, iron oxidized with idtric 
acid, and aluminum, iron and chromium i)recipitatcd as hydro-xides by addition 
of ammonium hydroxide in presence of ammonium chloride. On treating the 
precipitate with sodium peroxide, aluminum and chromium hydroxides dissolve, 
whereas ferric hydroxide remains insoluble. Aluminum hydro.xide is preeipi- 
tated by acidifying the alkaline solution with hydrochloric or nitric acid, and 
neutralizing with ammonia; chromium remains in solution. 

Cobalt Nitrate Test. The white gelatinous precipitate of aluminum 
hydroxide may be confirmed by adding a drop of cobalt nitrate solution and 
burning the filter. The residue will Ik- colored blue by the nwulting aluminum 
cobalt comj)ound. 

Sodium Thiosulphate Test. Na^S-Oj, added to a maitral or slightly acid 
solution, containing aluminum, i)recipitates .aluminum hydro.xide, upon boiling 
the solution. Sodium sulphite, or ammonium chloride added in large e.xccsa, 
will also cause this ])recipitation. 

Alizarin S Test. 'I'lic reagtmt used is a 0.1% filtered solution of commercial 
alizarin S, the sodium salt of alizarin monosulphonic acid (yellow with acids, 
purple with alkalies). 

To 5 cc. of the neutral or acid solution under examination is added 1 cc. 
of the reagent, and then ammonia until the solution is alkaline, as shown by 
the purple color. The solution is boiled for a few moments, allowed to cool, 
and then acidified with dilute acetic acid, when red coloration or precipitate 
remaining is conclusive evidence of the presence of aluminum. The red 
calcium, strontium, barium, zinc and magnesium salts, and salts of other 
metals later than Group II are readily soluble in cold dilute acetic acid, and do 
not interfere with the coloration. 

Phosphates or chromium do not interfere and comparatively large amounts 
of iron may be pre.sent (0.003 milligram Al in presence of I milligram ferric 
iron, 10 milligrams chromium .salt). In presence of greater quantities of iron 
citric acid is added to keep this in solution. One part of aluminum may be 
detected in 10 million parts of water. 

* Also spelled Aluminium. 

By W. W. Scott and H. V. ChurchUl. 
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ALUMINUM 


ESTIMATION 

The determination of aluminum, in terms of alumina, AljO>, is required in 
the evaluation of aluminum on.'s, bauxite, AhO(OH)4; diaspore, AIO(OH); alunite, 
K0..‘tAl,0,.4S()j.(iII;0, etc. It is detennined in the analysis of feldspar, hal- 
loysitc, clays, granite, gneiss, porphyry, mica schist, slate, obsidian or pumice 
stone, cryolite, linnstonc, and in the complete analysis of a large number of 
mineral substances. The estin.ation of alumina is required in the analysis of 
cements, plaster, ceramic materials, aluminum .salts, and is especially important 
in the control of processes in the manufacture of aluminum products. As a 
metal it is detennined in commercial aluminum, and its alloys. 

Preparation and Solution of the Sample 

In dissolving substances containing aluminum it will be recalled that alumina, 
although ordinarily soluble in acids, is very difficult to dissolve when it is highly 
heated. It may te best dissolved, in this case, by fusion with sodium carbonate 
or with acid potas.sium sulphate, followed by an acid extraction. The metal is 
scarcely acted upon by nitric acid, but is readily soluble in the halogen acids and 
in hot concentrated sulphuric acids. 

General Procedure for Ores. One gram of the finely powdered ore, 
taken from a representative sample, is placed in a platinum dish, 5 cc. of con¬ 
centrated sulphuric acid are added, followed by about 20 cc. of strong hydro¬ 
fluoric acid. The mixture is evaporated over a steam bath as far as possible 
and then taken to SOj fumes on the hot plate (Hood). Upon cooling, a little 
dilute hydrochloric acid is added and the mixture warmed. The solution is 
diluted with distilled water and filtered if any residue remains. 

The iiesoluble rc.sidue remaining oti the filter may be brought into solution 
by fusing the ignited residue with .sodium carbonate or acid potiissium sulphate. 
If barium is present siMlium carbonate fusion is made and the melt extracted 
with water to remove tli(> sodium sulphate. The residual carbonates may now be 
dissolved with hydrochloric acid. 

StiLPHiDB Okks should be oxidised with nitric acid and bromine according 
to the general procedure for decomposing pyrites in the determination of 
sulphur. 

The solution of the sample having been effcctol, aluminum is separated from 
elements that interfere in its estimation. Directions for the removal of these 
substances are given under “ Separations.” The element Is now in .solution in 
such form that it may be determined gravimetrically or volumetrically. 

Fusion Method. Sodium Carbonate. The air-dried material, ground to a 
fine powder, is placed in a glass-stopfsTcd bottle. If the detonnination is to be 
made on the dry basis, moisture is driven out by placing the material in the hot air 
or steam oven for an hour (lOfTto 110° C.). One gram sample, placed in a large 
platinum crucible, is mixe<l with 4 to .1 grams of anhydrous sodium carbonate 
and the maU'rial heaU'd to fu.sion, the heating being continued until the molten 
mass appears clear. The Ihjuid mass may be poured on a large platinum crucible 
lid, or if preferreil, allowed U) cool in the crucible, a platinum prod being held in the 
fusion until it .solidifies. Ity gently heating the crucible ovc' a flame the fusion 
loosens from the sides and may be lifUxl out on the prod. In either case the 
cooled muss is dis.solvcd by placing it, together with the crucible in which the 
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fusion was made in a casserole, and treating with hydrychloric acid, the casserole 
being covered with a clock glass during the reaction. 

Silica is removed by evaporating the solution to dryness on the water or 
steam bath and drying in the oven at 110° for an hour or more. The residue 
is extracted with hot dilute hydrochloric acid and silica filtered off. 

If the solution is cloudy upon treatment of the fusion with acid, it indicates 
either the pre.scncn of barium sulphate or incomplete decomposition of the 
sample. In the latter case the residue is gritty and the fusion of this material 
should be repeated. 

Solution of Metallic Aluminum and its Alloys. The metal may be dis¬ 
solved in dilute hydrochloric acid, 1 : 1, nr in a solution of soilium hydroxide 
or potassium hydroxide. 

Alloys of aluminum are best brought into solution with a mixture of hydro¬ 
chloric and nitric acids. 


SEPARATIONS 

General Considerations. In the usual course of analysis, aluminum is 
in solution as a sulphate or as a chloride, silica having been removed by dehy¬ 
dration, as described under “Preparation and Solution of the Sample.” The 
following interfering elements may be pn’sent in the solution: iron, manganese, 
arsenic, antimony, titanium, phosphoric acid, and more rarely chromium and 
lirconium. In alloys of aluminum other elements may be added to this list. 
The separation more commonly required is from iron, aluminum and iron 
being precipitated together as the hydroxides. In usual practice the two are 
weighed together as Fe,0. and AhOj, after ignition to this form, and iron then 
detennined, either on a separate portion of the sample, or by solution of the 
precipitate by fusion with sodium carbonate or potussium bisulphatc and sub¬ 
sequent extraction with hydrochloric acid. 

Removal of Silica. This conqiound has already be<'u considered under 
‘Preparation and Solution of the Sample,” SiOi being removed hy taking the 
solution to dryness, dehydrating the oxide by lulditional heating in the oven, 
followed hy extraction of the soluble con.stituents with dilute hydrochloric acid 
and filtration. Under the first procedure for solution of the ore by sulphuric and 
hydrofluoric acids silica is expelled as gaseous SiFj. 

Separation from Iron. 1. Aluminum hydroxide is precipitated by the 
addition of a salt of a weak acid to the neutral or slightly acid aluminum 
solution; iron remains in solution. Details of the proccrlure for precipitation 
of aluminum hydroxide by means of sodium thiosuljdiate are given under 
“ Gravimetric Methods for Determination of Aluminum,” page 9. 

2. Aluminum chloride is precipitated from a concentrated solution of hydro¬ 
chloric acid and ether saturated with IICl gas. Details of the procedure are 
given under the gravimetric methods for aluminum, imge 10. 

Note. The following additional procedures for se|)aration of iron and alumina 
have been suggested: 

(o) Precipitation of iron as FeS in presence of organic acids, citric, tartaric, 
salicylii^ etc., aluminum remaining in solution. 

(o) Precipitating iron by adding sodium peroxide to a cold neutral solution of 
the elements until the precipitate first formed dissolves, then decomposing the sodium 
ferrate by boiling, Fe(OH)j precipitates, Al remaining in solution. (Glaser, J. S. C. I., 
1897, 936.) 
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M The neutral mlulion „[ the elemenh is boiled with freshiv p^ipitated MnO., 
which mises ihe pr,Tipi(«tion. of iron u.s Fe(()H)„ while afimiinum remains in 
flr)IiitiV>n fchrofuiiini jjIho puKscH intj) f he filtrate). • • t i 

w J’reririlnthn of iron from arid solutions by means of ammo-nitroTO^enyJ- 
bydroxylarnine, (eupferron), aluminum remaining in solution. (O.BaudlKh, Cltem. 
Ztg., 88, 1208, mfl. Ilml., 35, 1011; 0. Jlaudisch and V. L. King, J. I. E. C., 

PrerVpilation of iiliiiiiinurn (together with phosphoric acid, if present), by 
phenylhvdrazine, iiihli'd to the reduced, weakly acid or neutral solutions. Iron, 
oobalt nickel, ealeiuin, and imigiiesiuin remain in solution. (Hess and Campbell. 
C. N.,’lxxsi, l.W. KngleH,.)..S.C.l., 1808,706.) . . ... . j 

(/) Kleetrolytic separation of iron by amalgamation with inercuiw cathode and 
determining aliunimim in the solution. (Krctzschmar, J. S. C. I., 1800, 1064; 
Kolin and Woodgate, J. H. C. 1., 1X80, 260.) 


Phosphoric Acid. In presence of phosphoric acid, the phosphates of iron 
and alumina together with the phosphates of the other elements of the group 
and thase of the alkaline earths will he precipitated upon making the solution 
alkaline with ammonia. Should iron and alumina be the only elements of these 
two groujis present in the solution, they may lie precipitated together as phos¬ 
phates, iron determined by titration and calculated to the phosphate salt, 
and alumina obtained by (iifference. Occasionally, however, it is necessary to 
remove phosphoric acid. 

Removal of Phosphoric Acid. The material is fused with about six times 
its weight of a mixture of 4 parts NajOOi and 1 part SiOj (silex), and the 
melt extracted with water coiitaiiiing ammonium carbonate. Iron and aluminum 
remain on the filter, upon filtration, while sodium phosphate passes into soiu- 
tion. Iloth the pnM'ipitnte and filtrate contain silica. The precipitate of iron 
and alumina is dissolved in hydrochloric acid and taken to dryness, the 
n'siduc dehydratiHl ns usual, then treated with dilute hydrochloric acid and 
silica filtered off. The solution contains iron and aluminum in fonn of chlorides. 

Separation of Aluminum from Chromium. The soiution is made strongly 
alkaline with sodium or iiotassium hydroxides and chromium oxidized by 
passing in chlorine gas or l>.v adding bromine. The solution is now acidified 
with nitric acid and aluminum hydr.ixidc precipitated by addition of ammo¬ 
nium hydroxide, chromium remaining in soliiiion as a chromate. 

Separation of Aluminum from Manganese, Cobalt, Nickel, Zinc, the 
Alkaline Earths, and Alkalies. Iron and aluminum arc jirecipitated as basic 
acetates, the oilier elements passing into solution. Details of the procedure 
arc given under the basic acetate method on page 2!)8. 

In absence of phosphates, these elements do not interfere' in the determi¬ 
nation of aluminum by precipitation as the hydroxide. 

Separation of Aluminum from Titanium. Details of the procedure are 
given under “Titanium.” 

Separation of Aluminum from Uranium. Aluminum is precipitated as 
AlfOUlx ill presence of a large amount of ammonium salts by addition of a 
large excess of ammonium carbonate and ammonium suliihidc, while uranium 
remains in solution as the complex com|S)und U 03 (C 0 a) 3 (NH 4 )<. 

Separation from Glucinum. Aluminum is soluble in the fixed alkalies and 
remains in solution on boiling; glucinum also dissolves, but is precipitated on 
boiling. Glucinum is soluble in an excess of ammonium carbonate, aluminum 
is not. 

For additional separations see chapter on clement in question. 
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QRAVIMETRIC METHODS FOR THE DETERMINATION 
OF ALUMINUM 

There are two general procedures for the gravimetric determination of 
aluminum. A. Direct determination, when it is possible to precipitate the 
hydroxide or phosphate of the element, free from impurities. B. Indirect deter¬ 
mination when the element is precipitated and weighed along with iron, the 
latter then determined by titration and aluminum estimated by difference. 

Determination by Hydrolysis of an Aluminum Salt with Am¬ 
monium Hydroxide 

Principle. The method depends upon the hydrolysis of a soluble salt of alumi¬ 
num by neutralizing the free and combined acid with ammonia. This hydrolysis 
takes place in presence of ammonium chloride, wliich prevents the precipitation 
of magnesium hydroxide by NH.OH, the common ion, NH,+, repressing the 
ionization of the base, NH 4 OH. (See Notes.) The direct determination 
of aluminum by this procedure excludes the presence of elements undergoing 
hydrolysis with similar conditions. Iron, chromium, titanium, zirconium, thal¬ 
lium, cerium interfere. In their presence a separation must be made. 

Reaction. AlCl,-t-3XH.OH =.\l(OH),+.3NH.Cl. 

If phosphoric acid is present in the solution aluminum will lx; precipitated 
as the phosphate, yMPO,. 

Procedure. To the solution, containing aluminum, free from phosphoric 
acid and the elements prccipitate<l by ammonium hydroxide, arc added 10 cc. 
of ammonium chloride ( 10 %) and 5 cc. of concentrated nitric acid. The 
solution is diluted to about 150 cc. and heated to boiling. Upon cooling slightly, 
carbonate-free ammonium hydroxide is added slowly from a burette until a 
slight permanent precipitate forms, and then drop by drop until the solution 
reacts alkaline to litmus paper and the odor of ammonia is faintly perceptible. 
The precipitate is allowed to settle on the water bath for a few minutes, then 
filtered hot and washed first several times by decantation and finally on the 
filter with a hot solution of ammonium nitrate. (Twenty cc. strong nitric 
acid diluted and neutralized with ammonium hydroxide and made to 1000 cc.) 

The precipitate is purified, if other members of the ammonium sulphide 
group and following groups arc present, as the gelatinous precipitate is apt to 
occlude some of these. This is accomplished by dissolving the precipitate in 
a small amount of hot, dilute hydrochloric acid, 1 : 1 , the solution being caught 
in the beaker in which the first precipitation was made. The precipitation of 
the hydroxide is repeated exactly as is stated above. The precipitate, washed 
free of chlorides (AgNOi test), is drained of water and placed together with 
the filter paper in a platinum crucible. 

The ignition of the precipitate is conducted slowly at first until the paper 
is thoroughly charred, the heat is now increased to the full power of the Mcker 
blast, the crucible lx>ing covered to prevent mechanical loss. Blasting for 
thirty minutes is generally sufficient to dehydrate the oxide, AhOi. It is advis¬ 
able, however, to repeat the heating until the weight becomes constant. The 
residue is weighed as AbOi. 


A1,0,X0.5303-A1. 
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Notes. Ammonia should be free from carbonates. Upon long standing with 
frequent exposure to air the ammonia takes up COj, forming carbonate of ammonia. 
Freshly distilled ammonia will be pure, the carbonate being precipitated by addition 
of lime in the distilling flask. Ammonia is best kept in a ceresine or paraffine 
bottle. It will then remain free from silica, which it invariably contains when con¬ 
fined in glass bottles. ... . 

Long healing of the mixture containing the aluminum precipitate is objectionable. 

1. The solution is apt to become acid owing to the deoom^sition of ammonium 
salts and the volatilisation of ammonia. 

2. The precipitate will become slimy and will lie difficult to wash and filter. 
It is preferable to redissolve and again jirecipitatc if this condition occurs. 

3. The C'Oi of the air is ajit to be absorbed by the solution, causing the precip¬ 
itation of calcium carbonate, etc., should the solution be exposed for any length 
of time. 

4. Silica from the beaker will contaminate the precipitate. 

Hence it is advisable to filter as soon as possible after making the precipitation 
of Al(OH)i. 

5. and S. No. .WO, black band filter jiapcr filters well and may be used to ad¬ 
vantage with precipitates of the nature of alumiiiiim hydroxide. H. and A. No. H. 
filter is also good. 

Washing Ihe precipilale wilh ammonium nilrale prevents the aluminum from 
passing through the filter and keeps it from packing. It favors the formation of 
the insoluble hydrogel form of the hydrate while preventing the formation of the 
suiuble hydrosol. Ammonium chloride may lie used in place of nitrate.' 

Aluminum hydroxide is soluble in acids and alkalies. The ignited oxide, 
Aljf'i, is insoluble in acetic acid but is soluble in mineral acids and the fixed alkalies, 
It is rendered very difficultly soluble in acids by strong ignition, generally requiring 
fusion with sodium carbonate or potassium bisuljihate with siibsi-qiient acid treat¬ 
ment to effect solution. 

AljOi. m.te., 102.2; sn.gr., 3.73 to 3.09; m.p., 2020° C. 

A yellow or reddish precipitate indicates the presence of iron, an element 
fr^iicntly present with aluminum. Should this be the cose, iron must be deter¬ 
mined, cither in a separate [lortion of the saiiqile, or in the residue obtained by the 
procedure outlined. The amount of Fe>()a is subtracted from the total residue, 
and AljOi obtained bv difference. 

If phosphoric acid is jirosent the phosphate of alumina will precijiitate together 
with the phospliatcs of cloiiienta insoluble in alkaline solutions. iShould phosphoric 
acid he present cither its removal is essential, or the phosphate method for alumina 
should be followisl. 

Fiuorides hinder the pn-cipitatioii of aluminum.' Evaporation to dryness and 
heating the residue to reiliieas will transform fluorides to oxides and overcome this 
difficulty. 

Sidphales tends to hold up aluminum from jirecipitation and a certain amount of 
silljihuric acid is ocidiidnl by the aluminum hydroxide i>rcei|>itate. Magnesium is 
more apt to jirecipitatc w ith alumina in jireseiice of suljihates.' Ammonium chloride 
fpx'atly lessens this difficulty. 

Traces of alumina may be recovered from the filtrate by cvajxiration to dryness, 
ignition and resolution with 11(3. The AI(OH)j is now precipitated with NH4OH. 

.'tinec alumina alworlis moisture from the air, the crucible containing this comjiound 
should be kept covered in a desiccator until weighed. 

Aiiimoniiim hydroxide, in presence of sufficient NII4CI, will not precipitate Mg(OH)i, 
since the addition of NH4CI increases the ammonium ions in the solution and, by the 
common ion effect, represses the hvdroxyl ions of the base, NH4OH, so that there are 
insufficient hydroxyl ions for the solubility imaiuct of Mg( ()H)i to be excc^cd; there¬ 
fore magnesium renuiins in solution. A discussion of the theory of solubility product 
and law of mass action may be found in the author’s work on (^alitative Cnemical 
.\nnlysis. jiublished by I). Van Nostrand Co. Hefcrence is also made to Vol. I of The 
Elements of (Qualitative Chemical Analysis, by Julius Stieglitz, publ. by the Century Co. 

' W. Itlura, Jour. Am. Chem. Soe., SS, 7, 1282, 1910. C. F. Sidencr and Earl Petti- 
johii, Jour 1ml. Eng. Chem., 8, 8, 714, Aug., 1910. 

' E. P. Veitch, Jour. Am. Chem. Soe., 22, 240, 1900. W. 11. Hloor, ibid., 29, 1603, 
1907. li P. Curtman and H. Dubin, ibid., 34, 148.5, 1912. 
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Determination of Aluminum by Hydrolysis, Neutralizing the 
Mineral Acid by Addition of a Salt of a Weak Acid. 
Sodium Thiosulphate Method 

If a salt of a weak acid and stroiiE l)as(! is fiddcd to a neutral or slightly acid 
solution of an aluminum salt containing a niinend acid, transposition takes 
place and aluminum is hydrolyzed. 

Reaction. 2AK,'h+:iNa,S,(),+;{H,() = 2AI((.)ll),+6Nat'l+3S(>,+.'IS. 

Procedure. If the solution is acid, dilute ammonia is added until a pre¬ 
cipitate forms that (Iksolvcs with difficulty, but not enough ammonium hydroxide 
to cause a permanent precipitation. The solution is diluted so that it con¬ 
tains about O.l g. A1 per 200 cc., then an excess of sodium thiosulphate is added, 
and the solution is boiled frei; of SO,. Al(OH), precipitates along with free 
sulphur. If iron is .absicnt it is advisable to add a few drops of ammonium 
hydroxide; until the .sfdutinn has a slight odor of ammonia. The mixture; again 
boile'd is fdtcre;d anel the; residue of AlfOH), and sulphur w.ashe;el with hot water 
containing ammemium chloriele; or nitrate'. The precipitate is dried, se-parated 
from the filter, the latter ignite;el anel the; ash added to the main pre;cipitate. 
Alumina is now ek'termined by blasting to constant weight, the residue being 
we'ighed as AUO,. 

Notes. The; above method iimy be ein|)loyeel for separation of iihnniniim from 
iron, the aelejiiion eef ammonia, feillowing the neutralization of the; mineral acid by 
Ihieisulphiite being eemitte'd. The pre-eipitation of AltOM), by this procedure gives 
a ;nore elensc and better filtering precipitate than deees ammemia alone. 

Neyrr.. 0. AVynkoop suggests the; use of sodium nitrite as the sedt of a weeek aciel 
for ne;eitralizing the minered eieiet. (.t Am. Ch. Seec., 19, 424 (181)7). 

1. Ivanov receeinme'iids ne'Utrnlizing the aluminum seilution with .seedium Ihieisulphiite 
then eliluting to 100 cc. anel aeleling iwtassium iexliele, followi'il by a seihition of 
KIO, ami additional KI (10% sol.) until pre'cipitalion is ceimjilcte. The excess eif 
iodine is expe'lled Iiv boiling. The Al(OII)) is filti’reel anel washi;d with NH,NO, sol. 
(2% sol.) anel then ignited to AljOj. 

Precipitation of Aluminum as a Phosphate 

Principle. This proccelure, de;vclopcd by Caniot, is of special value in 
determination of aluminum in irem and stce;!. It is femnded on the reaction that 
aluminum is pri'cipitatcd as the neutral pheisphate;, from a boiling solution faintly 
.acid with acetic acid. Iron, reduced to the ferrous condition by addition of 
sodium hyixisulphite, dex>s not interfere. 

Procedure. A sample of 10 grams of iron or steel, in a platinum dish, covered 
with a piece of platinum foil, is dissolved by addition of hydrochloric acid. 
The solution is diluted to about 100 cc. and filtered into a fla.sk, the rt'siduc of 
carbon, silica, etc., is washed thoroughly and the filtrate is neutralized by 
addition of ammonium hydroxide and ammonium carbonate; no permanent 
precipitate should form. A little sodium hyposulphite is added, and when 
the liquid, at first violet, liecomes colorless, 2 or .3 cc. of a saturated solu- 

K. Schum (Chem. Zeit., 1909, XXXlll, 877) rcixmimcnds neutralizing the solution 
of aliimimnn with NH,OH, just avoiding a prcciiiitation of Al(OII)i. After diluting 
to 2.70 cc. the aluminum is precipitated by aading 20 cc. of a ((%, sol. NH,N<),. The 
oxides of nitrogen arc e.xpellcd bv iHiiling and the AI(f)H)a .settled on hot water liatli 
'20 min. The sol. is decanted and the precipitate wilsIuhI with neutral (2';;, sol.) ammo¬ 
nium nitrite and ignited as usual. The inethwl is considered very accurate. 
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tion of AOfliutn phosplmto and 5 or 0 grams of sodium acetate, dissolved in » 
little water, arc added. The solution is boiled until free of sulphurous acid odor 
(about threc-((uartcr8 of an hour). The solution is filtered off from the pre¬ 
cipitated aluminum phosphate (mixed with a little silica and ferric phosphate) 
and washed with boiling water. The precipitate on the filter is treat^ with hot 
dilute hydrochloric acid the filtrate caught in a platinum dish, and then evap¬ 
orated to dryness and heated at 110° 0. for an hour to dehydrate silica. The 
residue is taken up with dilute hydrochloric acid and the solution filtered free 
of silica. Upon dilution to about 100 cc. with cold water, the solution is neu¬ 
tralized as befon?, a little hyposulphite is added to the cold solution and then 
a mixture of 2 grains of sodium hyposulphite and 2 grams of sodium acetate. 
The material is boilctl for half an hour or more, filtered and the aluminum phos¬ 
phate residue washed with hot water, then dried, ignited and weighed as aluminum 
phosphate. The residue contains 22.19% Al. 

AIP().X0.2219 = Al. A1PO.X0.41M =A1.0,. 

Notb. Propertu* of All’O*, m . tr ., 122.14: » p . gr ., 2.59; infusible, insoluble, in II|0 
and in IIC>lIi*>i. soluble in mineral acids and in alkalies; white, amorphous salt. 

Precipitation of Aluminum as Aluminum Chloride* 

Principle. Gooch and Havens found that aluminum chloride is practically 
insoluble in a inixturi! of concentrated hydrochloric acid and ether saturated with 
HCl gas, 5 parts of AI(!lj.(iHiO equiv.alent to I part of AljOj difisolving in 12.5,000 
parts of the mixture. The method serves for a separation of aluminum from 
iron, bcrillium, zinc, copixT, mercury and bismuth, the chlorides of these ele¬ 
ments Iwing soluble under the above conditions. Barium, however, is precipi¬ 
tated as a chloride with aluminum, if it is presimt in the solution. 

Procedure. To the* concentrati'd a(|ueous solution of aluminum is added 
a convenient volume of strong hydroebloric acid (15 to 25 cc.) and an equal 
volume of ether. The mixturi! is best plaeed in a large platinum crucible, 
which is kept cool in running water. IlCl gas is pa.ssi'd into the solution to 
saturation. The precipitated chloride of aluminum is liltemd upon asbestos 
in a weighed Gooch crucible and then washed with a mixture of ether and water 
1:1, saturated with HCl gas. The precipitate is dried for half an hour at 150° 
C., then covered witli a layer of (bP. mercuric oxide (1 gram) and heated at first, 
gently over a low flame (hood) and then blasted to constant, weight. The 
residue is weigheti os AhOi. 

Notbs. HCl gas is generated by dropping strong sulphuric acid into concen¬ 
trated hydrochloric acid according to the procedure describeil under the determina¬ 
tion of arsenic by volatilization as arsenious chloride. The gas may bo produced ’ 
in a Kipp generator by the action of concentrated sulphuric acid on ammonium 
chloride. 

The filtrate from nliiminiim contains iron, berillium, cop|s:r, zinc, etc., if these 
are present in the original solution. If much iron is present it is necessary to increase 
the amount of ether to prevent precipitation of the ferric salt. 

' F. A. Gix)ch and F. S. Havens, .Am. Jour. Sci. (4), U, 410. F. .\. Gooch “ Methods 
in Chemical Analysis." 
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Volumetric methods for the determination of 

ALUMINUM 

Volumetric Determination of Combined Alumina in Aluminum 
Sulphate and Aluminum Salts 

Introduction. Aluminum salts dissociate in hot solutions and react acid to 
phenolphthalcin indicator; the acid readily combines with fixed alkalies, forming 
the neutral alkali salt. The end point of the reaction is indicated by the pink 
color produced upon phenolphthalcin by the excess of alkali. From the amount 
of caustic required the percentage of combined AhO, may be calculated. The 
following reaction takes place: 

Al,(S04),+6Na0H=2Al(0H),+3Na,S0.. 


Procedure. The factor weight,' 3.4067 grams, is dissolved in a 4-in. casserole 
with 100 cc. of distilled water, 1 cc. of phenolphthalcin indicator added, and 
the sample titrated boiling hot' with N/2 NaOlI, added from a chamber burette, 
graduated from 50 to 100 cc. in tenths of a cc. • The solution is kept boiling 
during the titration and is constantly stirred. Towards the end of the reaction 
the alkali is added cautiously drop by drop until a permanent pink color is 
obtained. 

Cc. of NaOH required divided by 4 =p(!r cent combined AljOi.* 

Combined AljOi+frec AUOi =total AhOi. 

Notes. If iron is present a correction must be made for it after determining the 
ferrous and ferric forms as given below. 

The amount of phenolphthalcin indicator used should be the same in each deter¬ 
mination. An excess of indicator causes low results. It has been noted in ease of 
alums where iron doi« not interfere that best results are obtaincxl with three or four 
drops of phenolphtlialcin solution. Iron tends to mask the end {mint, hence a larger 
amount of indicator is necessary if this is present. 

Correction for Iron if Present. Since iron salts will also diasociatc and 
titrate with aluminum salts, by this method a correction has to be made for iron 
if present. Total AhOi in presence of iron = 

combined AljOi-(FeOX.47-|-FejO«X-64)+baaic AhOiH-an additive factor. 

The additive factor is obtained by subtracting 

(Combined AljOi-l-basie AliOi)-(FeOX.47-|-Fe,OiX.64) volumetric, 
drom total AIiOi obtained by gravimetric analysis of an average sample. 


'Large samples must be taken for salts containing less than 13 per cent AliO, if 
the chamber burette is to be used. E.g., potash alum twice this amount is advisable. 

• Otto Schmatolla, Berichtc, xxxviii. No. 4, C. N., 91-2375-236 (1905). 

'If free acid is present (see next method), the equivalent volume in terms of 4 N 
acid must be deducted from the total titration for combined alumina before dividing 
by 4. 
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Ferrous Iron, Ferric Iron, and Total Iron a five-gram sample is dis¬ 
solved in water and the iron oxidized with a few drops of strong potassium 
permanganate solution; the solution should be pink; the excess of permanganate 
ia destroyed by a drop or so of normal oxalic acid solution and the total iron 
determined by stannous chloride solution method for iron. On a separate 
sample ferric iron Ls determined. Ten grams of the sample are dissolved in an 
Erlenmcyer flask by boiling with hydrochloric acid, 2 :1, in an atmosphere of 
COi to prevent oxidation, and the iron titr.atcd with .standard stannous chloride. 
The difference between total iron as FcaO, and ferric oxide =fcrrous iron in terms 
of Fc,Oi. This multiplied by .9=FcO. 

Combined Sulphuric Acid 

Provided no free acid ia present, the i)cr cent combined sulphuric acid in 
aluminum sulphate is obtained by multiiflying the ee. eausti(! titration for total 
alumina by 0.72. 

In case free acid is present, the per cent free acid deducted from total acid 
found by titration gives combined acid. 

Sulphuric acid combined with the fixed alkalies is not titrated. 


Determination of Free Alumina or Free Acid by the Potassium 
Fluoride Method 

Introduction. The method suggested by T. J. I. Craig (.1. S. C. I., 1911, 30, 
18.')), has been mu<liried by the author,' after a i)crsonal investigation of the 
details involved. In this modified form it has been used successfully as a rapid 
works method. Frequent gravimetric checks on a large number of determi¬ 
nations have shown it to bo accurate. 

The procedure is based upon the fact that an excess of neutral potassium 
fluoride decomposes aluminum salts, forming two stable compounds, which react 
neutral to phcnolphthalcin, while the free acid remains unaltered, the fol¬ 
lowing reaction taking place: 


Al,(S0,),-|-12KF-|-xH,S0,=2AlF,3KF-|-;iK,S04-f-xH,S04. 


The precipitate A1F,3KF is insoluble in an excess of the potassium fluoride 
reagent and is not appreciably attacked by acids or alkalies. Although . 
theoretically about 7 parts by weight of potassium fluoride is sufficient to com¬ 
bine with 1 part of aluminum sulphate, in practice it is advisable to use twice 
this amount. 


Balf Normal solutions of sulphuric acid and potassium 


Reagents Required. 

hydroxide. 

Phenotphllialein indicator, 0.1 % alcoholic solution. 

fluorWc solution; made by dissolving 1000 grams of potassium fluoride- 
m about 1200 cc. of hot, C(>,-fm> water, then neutralizing the solution with hydro- 
fluoric acid or potassium hydroxide as the reagent may reipiire, using 5 cc. of phenol- 
ph^ein as indicater. Dilute sulphuric acid may be used in place of hydrofluoric 
acid m the mial adjustment to get a neutral product. One cc. of the solution 

»Pl>ea;;a faintpmk. The concentrated mix is 
lilt^ if necessary and then diluted to 2000 cc. with CO,-frre water. The gravity 
will nw be approxmiately 1.32 or about aS" B«. One cc. contains O.S g. potassium 


* W. W. Scott, Jour. Ind. Eng. Chem., 7, 10.59. 1915. 
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Method of Procedure 

Solids. S.4067 g. of the finely ground sample, or an equivalent amount in 
solution (100 cc. of sample containing 34.067 g. per liter), are taken for analysis 
The powder is dissolved by boiling with 100 cc. of distilled water in a 4-in. 
casserole with clock gla.s3 cover. To the hot solution 10 cc. of N/2 HjSOjare added, 
and after cooling to room temperature, 20° C., 18 to 20 cc. of the potassium 
fluoride reagent are added and 0..5 cc. of phcnolphthalein. The solution ‘s now 
titrated with N/2 KOH, added drop by drop until a delicate pink color, per¬ 
sisting for one minute, is obtained. This titration shows whether the product 
is basic or acid. 

Basic Alumina. This is indicated when the alkali hack-titration is less 
than the amount of acid added. Free AhOj = (cc. H!S04-cc. KOH)-^4. 

Free Acid. In case the hack-titration of the alkali is greater than the cc. of 
acid added, free acid is present. Free acid = (cc. KOII -cc. HjSOi) X0.72. 

Liquors. In works control it is necessary to test the concentrated liquors 
to ascertain whether these arc basic or acidic. The H6. or sp.gr. of the solu¬ 
tion having been taken, 5 cc. is diluted to 100 cc. with distilled, (Xh-frec water. 
If H)S la present, it is expelled by boiling the solution, which should be acid, 10 
cc. of N/2 HiSO, is added, the solution cooled, and KF and phenolphtlialein 
added and the titration made as in case of solids. 

If basic (cc. HjSOj-cc. KOlI)X(.0245X.3473Xl(X))-j-(.5Xsp.gr.) =AljOj. 

If acid (cc. KOII -cc. H2S04X2.4,5)-r wt. of aamph? =i)er cent free acid (lIjSO,). 

If neutral, the hack titration of the alkali is the same as the cc. acid 
added. 

Notes. CtVfrce water must always be used when phenolphthalciu indicator is 
necessary. This may he obtained t)y Iwiling distilhsl waUr for several mimiles to 
expel COj. This reagent is very sensitive to carbonic acid. 

If the sample dms not dksolve clear, a prolonged digestion with previous a>ldi- 
tion of the required amount of standaid acid, 10 cc., Ls advisable. This is best 
accomplished in an Earlnincycr flask with a return condenser. 

Darkening of the solution during the back titration with the alkali, indicates that 
an insufficient amount of fluoride has been added. If this is the case it will lie necessary 
to make a fresh determination. 

The fluoride method has the following advantages. Determinations mav be made 
by gas or electric light. The end point is easily detectisl. No neutral standard is nec¬ 
essary as in case of the tint method. 

Ammonium salts, if present, must be expelled by boiling the sample with an excess 
of standard KOH and this excess determined. 

3.4067 ” 2.45225 X .3473 X 4 (i.e. gins. HpSf'b per 100cc. N/2 acid multiplied by 4 times 
factor to equivalent AljOi). Derived directly from mol. wt. of AbOj-f. 1022X100 X 4) 
-i-(6X2). 0.72 = 2.8792-5-4 (i.e. factor AbOa to H.SO4-I-4). 

The main details of the above volumetric procedures were worked out at the Laurel 
. Hill Laboratory, General Chemical Company, and are piiblisheil by courtesy of this 
company. 
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Colorimetric Estimation of Minute Amounts of Aluminum with 
Alizariq S.—Atack’s Method' * 

kea^ent. Sec page 3. 

ftocedure. 'I’lio original solution (5 to 20 cc.) is acidified with hydro¬ 
chloric or sulphuric acid. Ten cc. of glycerin and 5 cc. of a 0.1% solution of 
alizarin S arc added, the .solution made up to about 40 cc. with water (in pres¬ 
ence of much iron or ehromium citric acid is added to form the double citrate.s) 
and then rendered slightly ammoniacal. After standing for five minutes, the 
cold solution is acidified with dilute acetic acid, the alizarin S acting as indicator 
(red coloration) until no further change in the coloration occurs. The liquid 
IS then made up to 50 cc. and compared with a standard. Suitable amounts 
of aluminum for estimation are 0.005 to 0.05 milligrams, the solution under 
examination lining suitably diluted if necessary. 


BAUXITE ANALYSIS 2 

Characteristic bauxites. 11,0 SiO, Ferf), A1,0, TiO, 

Georgr;30% 

Tennessee. 27,0 18.4 4.1 4I9 18 4.3 

“ sampled during the unloading 
according to the standard procedure for ores. If the sample is a composite 
aliquot parts of the total weights are taken and mixed, e.g., suppose three cars 

wmM he “<^26,340 pounds, then the aliquots 

would be 23, ,12..) and »().34 pounds, which mixed, would make a rcpre.senta- 
tive sample of the shipment. The ore is broken down, quartered, ground down 
and again cpiartcred. The moisture is determined on 1000 grams, dried in 
the oven at 100° C. for one hour, the sample being spread out on a sheet of 
mamlliv paper. The dried sample is placed in a large bottle for analysis 

tt*tr»cUon of Ores of Aluminum for Their Commercial Valuation. Twenty- 

five grams of bauxite, aluiiitc or clay, placed in an 600 cc. Kjeldahl flask with 
reflux condenser arc digested for one hour with 60 cc. ION (48%) sulphuric 
acid. Time being taken when the mix begins to boil. The flame is so regu¬ 
lated that the water drips back into the flask from the condenser at the rate 
of-l*. to 1.) drops per minute. When the digestion is completed 150 cc. of hot 
water are introduced through the condenser. The mixture is now filtered 
using a Buchner funnel and suction. The residue is washed with six 100 cc. 
portions of water and the filtrate made up to 1000 cc. A 200 cc. aliquot is 

made up to 1^ cc. and 100 cc. of this taken for determination of alumina as 
stated on next page. 

In Afack, Jour. Soc. Chem. Ind.; 34, 936 (1915); C. A. 9; 23; 3186 (19151 
aliimSn'* ^“**'5 *''« tw<) Bources of alumina of commercial imimrtsnce. The 







ALUMINUM 


15 


^ Insoluble Residue. The residue on the Alter paper is ignited in a plat¬ 
inum dish over a low flame until the paper chars, and then over a good Meker 
blast for 15 to 20 minutes. 

Weight of the residueX 4 -per cent insoluble residue. 

Soluble Alumina. 100 cc. of the above solution (0.5 g.) is diluted with an 
equal volume of water, 10 cc. of hydrochloric and 2 cc. of nitric acids added 
and the solution boiled. Iron and alumina are now precipitated and* deter¬ 
mined in the usual way. 

Soluble Iron. 200 cc. of the solution (1.0 g.), is oxidized by adding a 
few crystals of potassium chlorate and the solution taken to dryness. The 
residue is taken up with 10 to 15 cc. of concentrated hydrochloric acid and again 
evaporated to dryness to expel chlorine. Then taken up with 25 cc. hydro¬ 
chloric acid and the iron determined by titration. The stannous chloride method 
is used for samples containing less than 5% iron and the dichromate method 
for ores containing over 5%. 

Determination of Total Silica, Titanium Oxide, Ferric Oxide and Alumina 

The method by the Aluminum Company of America is to digest 1 gram of 
the dried bauxite in (M) cc. of an acid mixture containing 12 parts of dilute sul¬ 
phuric acid, 1 : 5, together with 0 parts of strong hydrochloric acid and 2 parts 
of nitric by volume, to this are added 10 cc. of concentrated sulphuric acid. 
The mixture is heated until sulphuric acid fumes are evolved, then diluted with 
water and filter'd. 

Silica. The residue is ignited and the ash fused with potaasium bisulphate. 
The cooled fusion is taken up wth 5 cc. sulphuric acid and 20 cc. of water and 
digested until only a white residue remains. This filtered off, washed and 
ignited =SiO!. 

Titanium Oxide. This is beat determined coloromctrically on a 0.1 gram 
sample according to the procedure outlined in the chapter on Titanium. 

Iron and Alumina. These are determined by the asual procedure;—oxida¬ 
tion with potassium chlorate, precipitation with ammonium hydroxide and 
ignition. Iron may be determined in a separate sample (100 cc. =»0.5 g.) 
by titration. AliOi “difference between weighed oxides and Fe»Oi, after sub¬ 
tracting TiOj if present. 


4 
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VOLUMETRIC DETERMINATION OF THE AVAILABLE 
ALUMINA IN BAUXITE AND CLAYS* 


This method is baaeii on the solution of the sample in a known amount of sulphuric 
arid, and the titration of the excess acid with standard sodium hydroxide solution, and 
the alumina estimated from the amount of acid used to conibine with it. It has been 
proven with long practice that this method is accurate within 0.5%, and is very sati^ 
factory aa a worka coiitn>! method. It is much more rapid than the regular gravimetric 
proctslure. . . j 

Take a five gram sample that has been ground to pa-ss through a (30-mesh sieve and 
put it into a 300 cc. Kjralahl flask with about 2S to 30 grams of 40° IhS sulphuric acid, 
which is weighed from a weighing burette. (This aei<l may bo measunsi wiih a burette 
and the weight calculated if so desired with a reasonable chance of error introduced.) 
Digest this at a gentle boil for one hour, giving the flask an occasional shaking. Care 
must be taken that good condensation is effected, otherwise a loss in acid will give high 
results. After the digestion wash down the condenser and filter the insoluble residue 
off on a Bueekner funnel with suction, washing the residue acid free. Make the filtrate 
up to 2(X)0 ce. in a volumetric flask. To a 200-cc. aliquot add 20 cc. KF reagent, and 
I cc. phenohihthalein indicator and titrate to a permanent pink with standard N/10 
NaOH. 


Reagents: The 40° acid must be made up very aceuratcly and standardized against 
standard caust ic. 

1000 gmins of potassium fluoride are dissolvoil in 1200 cc. of hot COj free water, 
and then neutraliznl with HF or KOH as may be necessary, using phenolphthalein 
indicator. Filter this solution and dilute to 2000 cc. This solution should be kept 
in a wax-lined bottle. 

Take 20 cc. of KF reagent and add S cc.of N/2 NaOH and one ec. of phenolphthalein 
indicator, and titrate with N/2 HjSO.. Apply this correction to the titration of the 
sample. 

Calculations: 


(ee. N/10 HjSO. - ec.N/10 NaOH) X .3473 X 100 „ 

weight of sample = % A1,0. + kc.O, 

% Fe>0| X .04 5* Fej()j oquivulent to AbOj which can be subtracted from the total 
oxides above, the result being the available alumina. 


Determination of Aluminum in Bronze. A sample weighing 0.5 to 1.0 g. is dis¬ 
solved ill 10 cc. of UNO) (2 : 1) and heatiHl to exixd nitrogen oxides. 50 cc. of water 
ore added and the precipitate allowed to settle (oxide of 8n, PsO» and some Cu) and 
then filtered. The filtrate is tniuted with 5 cc. H|Sl )4 and evaporated to fumes, then 
taken up with aliout 50 cc. of water and saturated with and the precipitate filtered 
off. The filtrate containing the iron, aluminum, zinc, etc. is boiled to exfiel H 2 S and 
oxidized by lioilina with 5 cc. llNOi. Iron and aluminum are now precipitated os 
hvdroxides by addition of N 1140 H and filti^red oiT and washing as usual. Iron and 
aluminum are sepamUHl by di.nsolving the hydroxides in a little HCI and neutralizing 
the free acid with Nn»Cl)j solution. Any permanent precipitate is dissolved by a few 
drops of HCI. For each 0.1-0.2 g. of the metals pn^smit the solution is diluted to about 
250 cc. and an nxceas of Na^SJ()J w adtled. Aluminum hydroxide is precipitated, iron 
remains in solution in the ferrous form. 2AlCls+llNaaS^)s-f-3HjO»lAl(OH)*4"3SOa 
+3S4'fiNaCI. The Al(()n)j is filtennl off and washed with hot water, then dried and 
the hydroxide and filter ignited scparatidy, the ash of the paper addeu to the alumina 
and the ignition continued until a constant weight is obtoined. An electric furnace 
of a Moker burner may be used to expel the combined water. Weigh as AiiOs. 


AIiO,X0.5:i03-Al. 

* By Harold E, Martin. 



ALUMINUM 


17 


DETERMINATION OF ALUMINUM IN IRON AND STEEL* . 

The method is especially adapted for determination of aluminum in iron and 
steel, but may be extended to iron ores and materials high in iron. 

Procedure. Solution. Ten grams of iron or steel are dissolved by adding 
about 50 cc. of hot hydrochloric acid, 1:1, preferably in a platinum dish, covered 
with a platinum foil. 

Precipitation. When the solution of iron is complete, it is diluted to 
about 100 cc. and filtered free of carbon, silica, etc. Two grams of sodium phos¬ 
phate are added and the solution neutralized with anunonium hydroxide or 
carbonate, then cleared by hydrochloric acid with about 1 cc. excess. Twenty 
cc. of acetic acid are now added and the solution dilutod to 300 to 400 cc. with 
hot water and, on boiling, 10 grams of scHliiim thiosulphate added. The solu¬ 
tion is boiled free of sulphurous acid, (no odor of S(h) about 20 to 30 minutes 
being necessary. The phosphate is filten'd off and washed with hot water. It 
is again dissolved in a little hydrochloric acid and aluminum reprccipitated by 
neutralizing with ammonium hydroxide and adding about 1 gram of sodium 
phosphate together with 10 grams of sodium thiosulphate, following the above 
procedure. The precipitate will now be free of iron. 

Ignition and Calculation. The precipitate and filter are ignited wet, 
first over a low flame, then gradually increasing the heat to full blast of a 
Meker burner. The residue contains 22.19% A1 or 41.85% of AljOi. 

Factor AlPO, to A1 = .2210, 

Factor AIPO4 to AhOi = .4185. 

Notes. Interfering substances. Cupper may be removed by lIjS. Other mem¬ 
bers of this group will also be eliminated. 

Manganese and nickel are eliminated together with small amounts of iron at the 
second i)recipilation. 

Titanium may be estimation coloriinetrieally or separated from alumina. 

Vanadium, it present, may be s(‘parated according to directions given in the chapter 
on Vanadium. 

Chromium is cli ninated by fusion of the mixed phosphates with NajCOj, extrac¬ 
tion with water, and precipitation of aluminum phosphate by adding ammonium 
acetate and sodium phosphate. Chromium remains in solution. 

Other Methods. L. Belasio adds crystalline tartaric acid to hold up the precipi¬ 
tation of other metals that commonly interfere. 1. Ivanov neutraliziw the slightly 
acid solution of aluminum with NajSjOj, then dilutes to 100 cc. adds K1 in excr^ss, then 
a 3% sol. of KlOj with additional K1 until precipitation is complett!. The excess of 
iodine is expelled by Imiling and the Al(OH)j washrsl with neutral 3% NH4NOa sol. 
and ignited as usual, to AlaOj. E. Schum (Chem. Zeit., 32, 877, 1909) neutralizes the 
solution with NH4(1H just avoiding precipitation of Al(()H)j. After dilution to 2.50 cc. 
20 cc. 6% ammonium nitrite sol. arc added, the solution boiled to exjK‘1 N()», the Al(On)i 
settled ‘.W min. and filtered and washed with ammonium nitrite solution and the pre¬ 
cipitate ignited as usual to AljOj. 

‘ Arnold and Ibbotson, " Steel Works Materials.” Stillman, “ Engineering Chem¬ 
istry.” “A Rapid Method for the Determination of Aluminum in Iron and Steel.” 

C. N., 61, 313. "On the Determination of Minute Quantities of A1 in Iron and 
Steel,” J. E. Stead, J. 8. C. I., 1889, 956. 
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ANALYSIS OF ALUMINUM AND ALUMINUM ALLOYS. 
METHODS OF THE ALUMINUM COMPANV OF 
4MFPICA1 


Determination of Silicon 
Fusion Method 

In some cases a portion of the silicon in aluminum and its alloys is not 
oxidized when the metal is dissolved in acids. This is more frequently observed 
when the silicon is higher than regularly found as an impurity. It is made 
evident by a brown or dark gray film coating the liquid and container after 
dtsBolving the metal in acid mixture, and has been referred to as graphitic 
silicon. In such a case u fusion of the residue is needed to give a complete 
oxidation. A fusion is useful also for cleaning up residues contaminated with 
insoluble material other than SiO:. 

Dissolve 1 gram of well-mixed drillings in 35 ce. of acid mixture No. 1 
(450 cc. water, 150 cc. cone. HPSO4, 300 cc. cone. HCI, 100 cc. cone. HNOj), 
using a 250-cc. flat bottom casserole or Pyrex beaker and cover glass. When 
the drillings are completely dissolved, place on a moderately heated plate 
and boil the solution to dryness, then increase the heat till the H:SO« distills 
as shown by flowing on the cover. Continue till a few drops have fallen 
from the center of the glass. This insures the complete removal of HCI and 
HNOj and the dehydration of SiOj. These effects can also be secured by 
heating at the moderate temiM-rature for an hour after boiling dry. Cool, 
add 10 cc. 1 : 3 HjSO* and about 100 cc. water, boil to complete solution of 
the sulphate, filter, wash well and ignite in a platinum crucible. 

Fuse the residue with 8 to 10 times its weight of Na-COs and treat the fused 
mass in a cas.scrole or beaker with 20 cc. 1 : 3 H.jS04, washing out the crucible. 
Evaporate the solution until it fumes strongly to separate the SiOz. Cool, 
dilute to about 100 cc., boil till the salts are dissolved, filter, wash well, ignite 
in a platinum crucible and weigh. Treat the ash with HF and a few drops 
of HJS04, evaix)rat(! till dry, ignite and weigh. 

From the difference between the two weights deduct a blank obtained 
from the reagents and filter. The rest of the loss in weight represents SiOj 
corresponding to the Si in the metal. 

Si04X.467G=Si. 


Solution Method 

When only a small amount of silicon is present such as the few tenths 
per cent commonly found in eommereial aluminum, it is practically all oxidized 
by the acid treatment, and a direct weight of the ignited insoluble residue 
considered as SiOj gives a measure of the original Si sufficiently accurate for 
general use. 

Proceed as in the fusion method until the first insoluble residue has been 
filtered and washed. Ignite it in a crucible, allow to cool, brush the residue 
on the balance pan and weigh directly. Deduct a determined blank. Consider 
the remainder 8iO> and calculate to Si as above. 

* By courtesy of the Aluminum Company of America, E. Blough, Technical 
Director. H. V. ChurchiU. Chief Chemist. 
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Determination of Iron 
Permanganate Method 

Cool the filtrate from the insoluble residue obtained in the determination 
of silicon. It should contain 3 to 5 % H2SO4. Add KMnO* solution till a 
pink color persists. Reduce the iron present by pa-ssing the solution through 
a Jones rcductor. Sec chapter on Iron. Titrate immediately with a solution 
of KMnOi of such strength that 1 cc. = .001 gram Fc. A blank, determined 
by carrying out the procedure without a sample, is deducted from each titration. 

Cautions. (1) The KMnOj solution should not be permitted to come in 
contact with organic substances. It should be kept in a glass-stoppered bottle 
in a dark closet. Gla-ss-stoppercd burettes should be used. 

(2) Always have the iron solution cool before reduction. 

(3) There should be a solid column of solution or water pa.ssing during use. 
The zinc should be kept covered with water when not in use. 

(4) When the sample contains copper, the redactor will be kept cleaner if 
the copper is precipitated with a little granulated zinc, and the solution 
decanted from the precipitated copiicr before passing through the rcductor. 

Determination of Copper 
Iodide Phosphate Method: Cu up to 1% 

Dissolve 2 grams of well-mixed drillings in a tall 300-cc. beaker with 40 cc. 
of 25% caustic soda solution. When the aluminum is completely dissolved, 
dilute to 200 cc. with hot water that has been boiled. Allow the residue to 
settle, filter and wash thoroughly with hot water. 

Using as small amount as po,ssible of hot 1:1 nitric acid, completely dissolve 
the residue from filter paper into a 2.50-cc. wide mouth Erlenmcyer flask 
containing 0.1 cc. of concentrated sidphuric acid. If much manganese or iron 
is present, more concentrated sulphuric arid (about 0.5 cc.) should be used 
to prevent the formation of MnOi or FezOj which will obscure the end point. 
Place the flask on a hot plate and evaporate to complete dryness. Cool. Add 
25 cc. water and 3 cc. 90.5% acetic acid. Heat to complete solution. 

Remove flask from hot plate, at the same time adding 5 cc. of a saturated 
solution of NajIIPO*, shake thoroughly and cool in any convenient manner. 

The ferric sulphate which later would react with potassium iodide thus: 

Fe.(S 04)3 -b 2 KI = 2 FCSO 4 -I- K2SO4 -b I-., 
will be precipitated and rendered inactive by the reaction, 

Fe,(S 04 )» -b 2 Na,HP 04 = 2 FeP 04 -b 2NaHS04 + NasS 04 . 

To the cooled solution add 5 cc. potassium iodide solution (30 grams of 
potassium iodide to 100 cc. water) and shake thoroughly to mix solutions. 

2Cu(CjH,0,)s-b4KI=Cu,I,-b4KCjH,02-b L. 

Titrate the free iodine with a solution of sodium thiosulphate of 0.001 
copper value which has been standardized by the copper sulphate method. 
A few drops of fresh starch solution, which is used as an indicator, are added 
near the end of the titration. This solution is prepared by dissolving 1 gram 
of soluble starch in 150 cc. of water. 
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Copper Percentage = No. of cc. Thiosulphate X Copper Value per cc. 

XlOO-f Weight of Sample (2 grams). 

Note. In case the naidue has not Isicn carefully washed or when the iron content 
is high, an additional amount of Nn2tIP()4 may Ire required, and must be added until 
ail iron and aluminum sidts have l)C<m precipitated. 

Determination of Manganese 
Sodium Arsenite Method: Mn up to 2% 

Weigh out accurately a 0.2-grain sample and place ih a 200-cc. Erleiimeyer 
flask. Add 15 cc. of aci<l mi.xture No. 2 (400 cc. cone. IIjS04—400 cc. cone. 
HNOj—200 cc. HiO). Place upon a hot platt; and boil until solution is com¬ 
plete. Add 5 cc. more of acid mi.xture No. 2 and boil for 2 or 3 minutes to 
drive off nitrous fumes. Remove from the source of heat, cool, add 10 cc. 
of AgNOj solution (3 grams per liter) ami 00 cc. of warm water containing 
1 gram of ammonium lamulphate Heat gently until the permanganic acid 
is fully develo|Hfd as indicated by a ring of bubbles forming around the surface. 
Cool to room temperature and titrate with standard sodium arsenite solution, 
the approximate value of I cc. being erpial to 0.0002 gram or 0.10% Mn. 

If desired, the silver may be precipitated before titration by adding 5 cc. 
of Nu(3 solution (2 grams to 1 liter). The titration in standardizing must be 
done the same way as in working the samples. 

Preparation of Standard Arsenite Solution 

For standardizing the sodium arsenite stdution for the determination of 
manganese a standard alloy of known manganese content must be used. 

Procedure. (1) iStock Solution -stock solution is prepared by dissolving 
10 grams AsjOa and 30 grams NuiCOj in a small amount of hot water, filtering 
and making up to lOOU cc. 

(2) Standard Solution—the standard solution is prepared by taking re¬ 
quired amount of stock solution (about 05 cc.) and diluting to 1000 cc. After 
24 hours, this solution is carefully standardized by using it to titrate the 
manganese in the standard sample. Three determinations should be made 
using exact procedure as given above. 

Note. (1) lly adding the acid mixture in two portions it is made more certain 
that the pro|K?r amount is pn-.sciit when peroxidizing the manganese. 

(2) \\ hen dissolving tin; sample it .-houhl not be allowed to go to dryness, as some 
manganese o.xidu might be made insoluble. 

Determination of Zinc—0.50% or Less 
ZnO Method 

Place 2 grams of sample in a 4(W)-<a*. beaker or casserole with 10 grams 
NaOII and 50 cc. water. When violent reaction is over, wash down and heat 
to near boiling till no more action can be seen. Add boiling water to make 
200 cc. and bring to boil. Ut settle, then filter. The filtrate is allowed to 
stand for several hours or is boiled a few minutes with about .5 gram NajOj 
to insure removal of manganese. If any precipitate forms, it is filtered out. 
6 grams NaOH is added to the filtrate xvhich is then heated to boiling and 
treated with HjS for about 3 minutes. The solution is boiled for 10 minutes 
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and filtered through a dry double filter, keeping the filter full. Do not wash, 
’she zinc sulphide is then dissolved off the filter with warm dilute hydrochloric 
acid (1 : 10) and the filter washed three times with hot water. The filtrate is 
boiled free from hydrogen sulphide, a few drops of bromine water are added 
to oxidize any iron present and the solution is made slightly alkaline with 
ammonia, boiled and filtered. Hydrogen sulphide is then passed into the 
filtrate until saturabid. The solution is then boiled for ten minutes and filtered 
through a small filter without wiushing. The filter is burned at low temperature 
in a porcelain crucible. Dissolve the residue using HCI and transfer to a 
beaker. Make just ammoniacal to methyl red, filter and wash. Add 10 
drops of ammonia to the filtrate, heat solution to near boiling, saturate with 
H'iS, filter, burn the paper and precipitate in a weighed porcelain crucible. 
(Calculate the weight of zinc oxide to zinc. 

ZnOX0.8034 = Zn. 

Determination of Calcium and Magnesium 
Calcium: Permanganate Method 

Place one gram of the alloy together with 5 grams of solid sodium or 
potiussium hydrate in a porcelain dish and add just enough water to cover; 
when violent action has cc.ased, dilute to 200-2.50 cc. with hot water and boil 
until solution is complete. Filter while hot and wash the residue until free 
from alkali. The aluminum and most of the zinc dissolve, while the other 
metals remain in the metallic state. 

Using a few ilrops of nitric acid and 40 cc. of hot 1 : 1 hydrochloric acid 
completely dissolve the residue obtained from tlu! sodium hydrate solution 
into a 2.50-cc. hciaker, or flask. Neutralize with ammonia and add 5 cc. 
exce.ss. Precipitate with hydrogen sulphide. Filter and wash with hot water. 
Discard the precipitate. 

Notk. The hydrog(ui sulphide metals which are here discarded can be used for 
the determination of cop|X!r by the iodide phosphate method. 

Roil off the hydrogen sulphide from the filtrate, adding a little bromine 
water towanl the latter part of the boiling to oxidize the sulphur. Boil off 
the excess of bromine. Add methyl red iiulicator and then ammonia drop by 
drop until the solution is just ammoniacal; then add 2 drops excess. Add 
10 CO. of saturated solution of ammonium oxalate, allow the solution to digest 
for .5 minutes, remove from the hot plate and filter. Wash eight times with 
hot water. 

More or less magnesium will be precipitated with the calcium oxalate 
tlppending on the ratio in which these metals are present. If very accurate 
results arc desired, it will be neces.sary to reprecipitate the calcium oxalate. 

Return the paper containing the thoroughly washed calcium oxalate to 
the original beaker. Add 1.50 cc. of boiling water and 10 cc. (1:1) sulphuric 
acid and titrate with standard potassium permanganate. 

Potassium permanganate in the presence of sulphuric acid reacts with 
calcium oxalate thus; 

5CaCjO4+2KMnO,+8H.SO,=5CnSO4+KjSO4+2MnSO,+10CO2+8H,O. 

The iron valueX0.3588= the calcium value. 
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Magnesium: Mg 2 P 207 Method 

The filtrate from the calcium oxalate which has been received into a 2Q6- 
cc. beaker is made just acid with hydrochloric acid. Add 30 cc. of a saturated 
solution of microcosmic salt. Add ammonia drop by drop, stirring vigorously 
to make the precipitate crystalline. Then add an excess of ammonia equal 
to ten per cent by volume, and let stand for at least three hours. Filter, 
wash with cold water containing 5 % of strong ammonia, and 5% of ammonium 
nitrate. Ignite until completely white, weigh ns Mg 2 P. 207 . 

Mg 2 P 207 X0.218.5 = grams Magnesium. 

For very accurate residts the MgjPjOv precipitate should be dissolved and 
rcprccipitated, and the final precijjitate should be examined for manganese or 
other impurities and corrected accordingly. 

ANALYSIS OF SILICON ALLOYS 
Determination of Silicon 

Place convenient weight (1.0 gram up to 10% Si, 0.5 gram above 10% Si) 
of well-mixed drillings in a 250-cc. casserole and cover with a watch glass. 
Add 25 cc. of acid mixture No. 1 (1200 cc. 25% sulphuric acid, 600 ec. cone, 
hydrochloric acid, 200 cc. cone, nitric acid) from an acid burette, keeping the 
casserole covered and adding the acid very slowly at first until violent action 
has subsided. Digest on the hot plate and evaporate to dryness, taking care 
to prevent spattering. Cool, moisten with 5 cc. of 1 : 1 sulphuric acid, add 
100 cc. water, and boil to solution of soluble salts. Filter, using a double 
quantitative filter [Miper, and filter pulp. Wash the residue six times in hot 
water to insure the removal of all iron salts. 

Ignite the residue in a largo platinum crucible. Cool. Add 5-8 grams of 
a mixture of 1 : 1 anhydrous sodium carbonate and sodium bicarbonate. Stir 
thoroughly and cover with a layer of the fusion mixture. Fuse the mixture 
over a Meker flame, keeping the crucible covered, until reaction is complete. 
This will require about 15 minutes. Cool. Place the crucible in a casserole 
and add 60 cc. of 1 ; 3 sulphuric acid. When the fusion cake has dissolved, 
remove tho crucible. Fvaporate to heavy fumes. Cool. Take up with 100 
cc. water. Heat to complete solution of soluble salts. 

Filter through a (]uantitative paper, wash thoroughly, dry and ignite in 
a small platinum crucible. Weigh, moisten the residue with water, treat 
with a drop of H3SO4, and then with an excess of HF. Take down to dryness, 
ignite, cool, weigh again. The loss in weight is SiOj, which multiplied by 
0.4676=Silicon. 
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ANALYSIS OF BAUXITE (R. Z. Method) 

Methods used by the Aluminum Company of America, Technical 
Direction Bureau, Standard Methods of Analysis 

Determination of Moisture 

If tlic bauxite has not been previously dried, the moisture is determined at 
105° C. 

Determination of Loss on Ignition 

Place one gram of dried sample in a weighed crucible and cover with 
platinum lid. Heat slowly to a red beat for one bour. Remove cover and 
heat for one hour at the hottest temperatun? obtainable on a blast lamp. 
Cool and weigh. The loss in weight represents combined water and organic 
matter. 

Determination of SiO.. 

Place in a 2.50-cc. casserole one gram of drit'd sample and moisten with 
5 cc. of water. Add !H) ec. of acid mixture (900 ee. water, .300 ce. 11,804, 
600 cc. IICI and 2(M) (ai. lIXOa) and 10 cc. concentrated MiSO,. Cover with 
watch glass and boil until ll;i.S ()4 fumes are given off copiously. Cool, and 
dilute carefully to 1,50 ec. volume, washing cover glass and sides of dish. 
Replace cover glass and boil the solution carefully until the solution has a 
clear appearance. Kilter the solutioTi through an ashless filter into a 2.50-cc. 
flask and wash the residue with hot water until free from acid. Ignite the 
fdter in a platinum crucible, cool in desiccator and weigh. Moisten the 
residue in crucible with two or three drops of water, 3 drops cone. H^SO,, 
and 2-3 cc. IIP. Evaporate slowly to dryness to avoid spattering, ignite, cool 
aiul weigh. The difference between tbc two weights obtained gives the silica 
content of sample. 

Determination of FejOj 

If any ai)preciable residue remains in the crucible, it is brought into solution 
by fusing it with a little [lotassium bisidphatc and dissolving the resultant 
fusion in very dilute sulphuric acid. This solution i.s then added to the 
original filtrate, the whole cooled to room temperature and made up to a 
volume of 250 cc. 

25 cc. of this solution is then transferred with a pipette to a l(K)-cc. Nessler 
comparison tube for u.se in the determination of titanium. 

The remainder of the solution is transferred to a 400-cc. beaker and evapo¬ 
rated to approximately 100 cc., 20 cc. of cone. H(3 arc then added and the 
solution brought to boiling. The iron is reduced by adding drop by drop to 
the boiling hot solution a concentrated solution of stannous chloride until 
the solution is colorle.ss. The end point is sharp and not more than two drops 
of stannous chloride should be added in excess. Cool the solution to the 
room temperature and add while stirring 5 cc. of a saturated solution of 
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mercuric chloride. Stir solution for about thirty seconds. The iron must be 
titrated either with bichromate solution, using potassiurn ferricyanide as an ' 
external indicator, or with i)ermanganate solution according to the Reinhart- 
Zimmerman method which is as follows: 

Place 50 cc. of a i)rcvcntativc .solution in a wide neck liter flask containing 
3.50 cc. water. Pour the reduced iron solution into the flask and while whirl¬ 
ing the flask, titrate with permanganate solution to the appearance of a pink 
tinge. The end point is sharp, but only lasts for a moment. 

The preventative solution contains: 

17.50 cc. water, 

IGO grams manganous sulfate, 

.330 cc. 85% phosphorie acid, 

,320 cc. HjSO* sp.gr. 1.84. 


Determination of TiOj 

To the 25-cc. solution in the Nessler comparison tube add 20 cc. 25% 
HJS 04 and 3 cc. 3% hydrogen peroxide, fill to the mark with water and mix. 
In a similar tube place 20 cc. 25% IIjS 04 , 3 cc. hydrogen peroxide and water 
to slightly below the mark. To this tube add standard titanic acid solution 
from a burette, mixing and comparing after each addition, and continue till 
its color tnatches that of the tube containing sample. From the amount of 
the standard used the titanium content of the sample may be calculated, 
remembering that the sample taken for the titanium determination represents 
one-tenth of the entire sample. 

If a colorimeter is at hand, it may be used in place of the second Ne.ssler 
tube for comparison. 

Determination of AI 2 O 3 

The alumina is obtained by the difference between the sum of the silica, 
titanium oxide, iron oxide and loss on ignition calculated as percentages 
and 100%. 

When it is required to determine whether a material is bauxite or not, 
some modifications are necessary. If the unvolatilized residue from silica 
determination amounts to more than a few milligrams, it should be fused 
with sodium carbonate and examined for additional silica. Absence of any 
considerable amount of phosphate in the sample should be established. Also 
the alumina should be determined in a portion of the filtrate from silica by 
precipitation with ammonia, deducting from the ignited oxides the iron and 
titanium oxides which have been directly determined. 
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ANALYSIS OF ALUMINUM HYDRATE 
Determination of Loss on Ignition 

A onc-gram sample is weighed into a platinum crucible and placed over a 
low flame of the bunsen burner. The temperature is gradually raised until 
the crucible is a bright red, when it is traiKsferrcd to a muffle furnace at 1100 ° 
C. for one hour. Place in desiccator, cool and weigh. The loss in weight 
equals the per cent loss on ignition. This value of loss on ignition is the total 
of free and combined water. 

Note. A great <lnal of care is necessary when starting to heat the hydrate. The 
temperature should l)e slowly inerea.sc(l iMicause if the hydrate is heated too rapidly, 
the high rate at which the moisture is driven off will force the particles of hydrate out 
of the crucible. 


Determination of SiO; 

A ten-gram sample is weighed into a casserole. Enough HjO is added to 
make a thin paste, then 2.5 cc. cone. 1I..S0( are quickly added and casserole 
covered. Casserole is placed on the hot ))late and taken down to considerable 
fuming. Allow contents to cool and dilute with 1.50 cc. HjO, boil until clear. 
Filter and wash with hot water. Place the filter paper in a platinum crucible 
and ignite. Cool and weigh. Add a few droits of cone. HiSO, and 1 cc. of 
tIF. Heat on hot plate until SO 3 fumes havt; rli.sapiteared. Then ignite for 
15 minutes; cool and weigh. Difference in weightsX10= per cent SiOj. 

Note. Considerable attention is required in placing the hydrate in a solution of 
11,804. When the mixture of hydrate and IIyS ()4 is heated slightly, violent action 
takes place which is caused by the reaction of hydrate of alumina and lliS 04 to form 
aluminum sulphate. After this reaction, continue to heat for one minute and cool. 
On taking up with water it seems to go in .solution quite readily. 

Determination of FejOa 

To the filtrate from the silica determination add 5 cc. of cone. HCl; cool 
to room tcmiteraturc. Make up a solution of 0.5 gram sample of cupferron 
in 25 cc. HA). FilUw and add filtrate slowly to the acidified filtrate from the 
silica determination, stirring well. Set aside to complete precipitation for 
30 minutes. Filter precipitate with gentle suction and be sure the filtrate is 
crystal clear. Wash 1 : 1 HCl solution; ignite, precipitate and weigh. 

Per cent Fe 20 a= 10 X weight of ppt. 

Note. It is important that the solution 1» thoroughly cooled before adding the 
cupferron. Also in making the cupferron .solution cool water is necessary. After 
adding the c\ipferron, place the solution in a cool place such as a vessel containing 
circulating tap water for at least 30 minutes to complete the precipitation. 
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Determination of NasO 

Weigh a 10-grara sample into a platinum dish and add 30 cc. cone. HCl. 
Take to dryness on a steam bath or in a hot oven 110° C. Remove to muffle 
furnace at 500° (!. to l)urn off free HCl. Cool and add 50 cc. hot water; 
boil ten minutes and ad<l 25 cc. saturated ammonium carbonate solution; 
allow to stand for one hour or longer on hot plate but not boiling; filter and 
wash residue with hot water. Transfer filtrate to platinum dish, cover with 
watch glass and evaporate to dryne.sa. Place in muffle at 500° C. to drive off 
NHj salts. Remove, cool, and add 5 cc. hot water. Filter contents of dish, 
catching filtrate in a 250-cc. beaker, wash to a volume of 25 cc. of filtrate; 
allow to cool and add a crystal of iK)ta.ssium chromate and titrate with N/20 
silver nitrate. 

Cc. N/20 AgNOaX value of AgNOa solution in grams NaaO per cc. 

X10= per cent NnaO in hydrate. 

Notk. When taking the hydrate sample down to dryness with HCl, caution has 
to Iw taken so as nut to heat it at t(K> high a temperature. The use of a muffle furnace 
at 500° C. will prevent this. The same pnxaution is necessary when driving off the 
NHa salts. Too high a Uunixirature will volatilize some of the NaCl. Always have 
a solution cool liefore titrating with N /20 silver nitrate. 

Determination of insoluble 

Weigh a 10-gram sample into a casserole and add 50 cc. HjS 04 50° Be. 
and boil until solution is clear. Be careful not to boil down until fumes come 
off. Filter and place filter paper in platinum crucible and ignite for one 
hour in muffle furnace at 1100° C. Cool and weigh. This weight less weight 
of cruciblcXlO=pcr cent of insoluble. 
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ANALYSIS OF CALCINED ORE 
Bisulphate Fusion Methods 
Preparation of Sample 

The portion of ore collected is well mixed and cut down to the amount 
which it is wished to reserve for the determination of impurities, ordinarily 
about 4 oz. A separate part should bo kept for mesh test, and may be used 
also for loss on ignition. The 4-oz. lot is quickly sifted through a 60-mesh 
sieve, the part retained ground till it passes the sieve and the whole thoroughly 
remixed. In the above grinding it is well to cover the coarse particles with a 
little of the sifted ore to prevent Hying out and also to rinse the mortar with 
some of this fine part. No further grinding is to be done on the sample as 
there is danger of disproportionate contamination. 

Determination of SiOj 

" A ” (General Laboratory). Twenty-two grams of bisulfate are considered 
ample to make the fusion by this procedure. Weigh two-gram sample into 
50 CO. platinum crucible, add about 17 grams of bisulfate and carefully fuse 
until violent action is over. Cool the fusion, running it up the sides of the 
crucible. Add the remaining 5 grams of bisulfate to be used and continue 
fusion until decomposition of the ore is complete. 

Using procedure “ A ” continue from this ])oint by cooling the crucible 
with air blast. Place the fused cake, which is easily removed, in a 250-cc. 
casserole and add 25 cc. concentrated sulfuric acid. Heat gently until the 
fused cake is completely broken up and copious fumes are evolved. Cool and 
take up with about 200 cc. of hot wat(!r. Heat gently to complete solution 
of soluble salts. Filter off the SiO-, using approved (juantitative filter paper, 
and wash with a small amount of hot water. Set aside the strong filtrate 
and wash the SiOi thoroughly until washings give no test for sulfate with 
barium chloride. 

Ignite the filter paper in a platinum crucible at approximately 950° C. for 
one hour. Cool and weigh accurately on an approved balanc(!. Treat with 
HF, a few drops of H2SO4, and evaporate to dryne.ss. Ipiitc and weigh. 
Ix)ss in weight is SiOj. Corrections must be made for SiOj derived from 
reagents or apparatus. 

T. Loss in WeightX100_ 

er cent 1 2 of Sample (2 grams) 
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Determinations of FeiOa (Cupferron Method) 

Receive the filtrate from SiOn determination in a 600-cc. beaker and bring 
to a volume of 250 cc. to 300 ec. Tbe solution must have sufficient volume 
to prevent any crystallization of salts upon cooling. Add 10 ce, concentrated 
HCI. To the cold solution add drop-wise—at the same time stirring vigorously 
—30 ee. of a 1% wat(>r solution of “ Cupferron.” The cloudy brown solution 
is filtered. Wash with 20 per cent cold HCI until the paper is free from soluble 
salts, then wash with cold water. Ignite the pap<!r in platinum crucible, cool 
and weigh. All results must be corrected by running blank. 


Per cent Fca 03 = 


Weight of HosidueXlOO 
Weight of Sample 


Determination of Na.aO 

Weigh 5 grama from sample which has been pulverized in an agate mortar 
into a 230-cc. ca.saerole. Acid 20 ce. of concentrated HCI and evaporate on 
hot plate to dryness. Care should be taken at this point not to heat the 
residue too high so that a minimum amount of cake will be formed. Take up 
with hot water and digest until all soluble salts are in solution. This operation 
shoedd be assisted by thoroughly breaking up any cake that has formed. 
Add 50 cc. of saturatcid (NHOiCTla. Let stand for half an hour and filter 
with suction. Transfeer the filtrate to ca.sscrole, eva|)orate to dryness and 
heat until all white fumes of (NIL) 2(..'03 arc driven off (5(X)° C. to 600° C.). 
Cool, take up with hot water, add 5 cc. of saturated solution of (NH 4 ) 2 CO.i, 
filter and wash into a platinum dish of 125-150 cc. capacity. Evaporate to 
dryness and ignite at 500° C. until all ammonium salts arc driven off. Cool. 
Dissolve in a little water, filter and wash into a 200-cc. Erlenmeyer flask.. 
Bring volume of solution to 150 cc. Add 6 to S drops of saturated solution 
of KsCrOi and titrate with standard silver nitrate solution. 


Determination of Loss on Ignition 

Prepare a 10 or 15 cc. platinum crucible provided with a clo.se-fitting cover 
by igniting, cooling in desiccator and weighing. Weigh into it one gram of 
ore. Place in an electric furmu* heated to 1050-1100° C. or in a flame giving 
that tenijicrature for 45 minutes. Transfer to a sulphuric acid desiccator and 
as soon ns cool weigh quickly. The loss in weight X100=per cent loss on 
ignition. 
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Estimating Metallic Aluminum in Aluminum Dust‘ 

The value of aluniinum dust for tccbuical purpoaen depends chiefly ui>od the amount of 
metallic aluntmum contuiiiod. A rapid nioth(>u of estinmtiiiK this constituent is thcrofuro 
iuKhly desirable. A tnodihcution of Wahl's method fur the deterininutiun of metallic sine by 
the reduction of ferric sulphate in cold neutral solution has been fuuiul to lie rapid and simple, 
it does not re<iuiro special skill in nmnipulutton and gives results that are of value for oom^ 
parativc pur|M>s<^s at least. 

The reduction of ferric sulphate by metallic aluminum does not take place in cold neutral 
aqueous solution. If, however, sutficient frtsi sulphuric acid l)c added and the liquid lie 
heatiHl, ferrous sulphate is formed proportionally to the amount of metallic aluminum present. 

The msults obtainiHl with siiiiiples of known composition were usually about 5% lower 
than those indicated by the sujipos^ reaction 

3Fe*(.S04)i + 2 A1 = Alj(SO*)3 + OFeSO^, CD 

80 that for accurate results it is neot^ary to standardize on a sample of pure metallic aluminum 
or on a sample of whicli the aluminum oontents have l>ecn exactly determined by some other 
meth'sl. From eiiuatiou (1) uIkivc, it follows that 1 part Al = (>.1S2 parts Fo reduced from 
ferric to ferrous iron, or 1 part Fc = 0.10177 parts Al. assurniiiK Al = 27.1 and Fe 65.84. 

Tlic tost as Kcncrally made is us OjIIows; 1(H) mg. of the aluminum dust is accurately 
weighed and placed in a conical flask provkhnl with stopper and Dunsen valve to reduce risk of 
oxidation, together with 50 cc. of u standard solution of acid ferric sulphate ’ and the mixture 
heated gradually until tiu' litinid is iHiiling gently. If the aluminum dis.solvc.s completely 
with moderate heat, it is not cs.s(aitiul to Ixtil. 'I'he fla.sk is then cool<Ni to room temperature 
by |>lucinK undiT a running tap, uiul 50 cc. of cold distilled water is added. The liquid Is 
then titrated with stamlanl permanganate. 

ronveiiictii stand.-ird solution euntuins 3..*t5 grams KMnO* per liter of this solution; 
1 cc. = V'c Al. approxinumdy. 

With sanipic.s of ordinary aluminum dust the reaction takes ))ln<‘e withmit visible evolution 
of hydrogen. When the powd(‘r contains coarse flakes or granules, some effervescence can l )0 
ob^ervis.!. In such cases it would seem that the titration must indicate a result too low, as 
part of the Al has been dis.solvc<I according to the rea<*tion 


3H.S<)4 + 2.\l « A1 j(S()4)j + till. (2) 

without retlucing its cfiuivalent of ferric sulphate. 

AnothtT sour <'0 of error, which acta in the opjxisite direction, is the prewuico of iron, zinc 
or other metal capable af reacting with ferric sulphate. For uiM urute w<»rk. therefore?, these 
metals must be deterinine<l and their cfTecl allowiul for. When, how4*ver. comparative results 
only are roquin'd, as in checking the quality of factory pnalin’ts from day to <iay, the rapid 
test descr»l>ed is sufficient. For some purposes also metallic iron, zinc, etc., would l>e ns 
effective as their rHpuvident of aluminum, in M'hich case no correction ought to 1)0 applied. 
The reactions in the case of iron and zinc are presumably: 

Fe + Fe:(S04)s - 3FeS04. (3) 

Zn + Fe 2 (S() 4 j 8 = 2 F 0 SO 4 + ZnS04t (4) 

Assuming Al = 27.1; Fe = 55.S4; Zn = ft.5.37, 1 part metallic Fe ha.s the same reducing 
power as 0.4S.)3 part metallic Al, and 1 part metallic Zn has the same reducing power as 
0.2753 part metallic Al. 

In making the ordinary test.s for controlling plant operations, a Numple of the purest 
obtainable aluminum dti.st is accepted as a standard. Te.sts are then made rrjncurreutly with 
the standard dust and with the sample to l>c examined, the result of (he latter being expressed 
os a percentage of the standard. 

‘ By J. E. rienncll. Eng. and Mining Journal, May 6, 1010. 

* To 100 grams of pure ferric sulphate distilled water is added, then 2,50 cc. of concentrated 
sulphuric acid. This mixture is heated to boiling until the ferric sulphate has completely 
dissolved, then cooled and Anally made up to a liter with distilled water. 

The revised atomic weights of AJ and Zn changes slightly the ratios above.—Editor. 
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Sbist.ief. 121.77; »p.ffr. 6.63'; m.p. e30®C>; 6.p. 1440°C'; oxidet, Sb,Ot, 

Sb.O„ Sb,0>. 

DETECTION 

Hydrogen Sulphide precipitiitos the oraiige-eolorcd sulphide of antimony 
from fairly strong hydroehloric acid solutiotis (1 : 4) in which several mem¬ 
bers of the group remain dissolved. Arstmic is also precipitated. The latter 
limy be removed by laiiling the solution containing the trichloride, AsCh being 
volatile. 

If antimony is already present as a sulphiile, together with other elements 
of the hydrogen sulphide group, it may Isi dissolveil out by treating the 
preci|>itate with siHliuiu liydnixide, potassium hydroxide, sodium sulphide, 
ammonium jmlysulphiile in solution. Antimony sulphide is reprecipitated 
uixm acidifying the filtrate. Arsenic and tin will also be pn-cipitated with 
antimony if they arc present in the original preciiiitate. Should a .separation 
be necessary, the precipitate is dissolvisl with hot concentrated hydrochloric 
acid, with the addition of crystals of jsitassium chlorate, from time to time, 
until the sulphides dis.solve. The solution is placed in a Marsh apparatus, pure 
zinc added and the evolved gases iiassed into a neutnd solution of silver nitrate. 
The black precipitate of silver antimonide and metallic silver are filtered off, 
washed free of arsenous acid, and the antimonide dissolved in strong hydro¬ 
chloric acid (silver remains insoluble). The orange-colored antimony sulphide 
may now be preidpitated by diluting the solution with water and jmsaing in 
HaS gas to saturation. 

Minerals which contain antimony, when heated alone or with 3 to 4 jiarts 
of fusion mixture (K,(H), and Nad'!),), on charcoal, yield dense white fumes, 
a portion of the oxide renaining as a white ineru.station on the charcoal. A 
drop of ammonium sulphide placed U|)on this sublimate gives a deep orange stain. 

Hydrolysis. Most of the inorganic antimony salts arc decomposed by 
water, forming insoluble basic salts, which in turn bmik down to the oxide of 
antimony and free acid. An exee.ss of tartaric acid prevents tiiis precipitation. 

Traces of Antimony. Nascent hydrogen liberated by the action of zinc 
and hydroi>hlorie or sulphuric aciil remds upon antimony compounds with the 
formation of stihinc. 'I'liis gas pnnluces a black stain on mercuric chloride or 
silver nitrate paper. Details of the procedure are given under the quantita¬ 
tive method for determining minute amounts of antimony. 

Dlstinctiott between Antimonous and Antimonic Sdts. 

Chromates fonn with antimonous salts green chromic salts and antimonic salts. 

Potassium Iodide reduces antimonii^ salts, free iodine being liberated. 

* Van Nostrand’s Cliem. Annual, Otsen, 3d Ed. 

• Cir. 35, U. S. Bureau of Standards. 

Contributed by Wilfred W. Scott. 
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ESTIMATION 

The detennination of antimony is required in the evaluation of antimony 
jres—stibnite, Sb:Sj; valentinite, SbjOi, etc. It is generally rt^quired in the 
;omplctc analysis of minerals of nickel, lead, coi)per, silver, in which antimony 
piiierally occurs as a sulphide. The determination is rcquinal in the analysis 
jf Britannia metid, bearing and antifriction metals, tyin: metal and hard lead; 
n the analysis of certain mordants, antimony salts, ndcanized rubber, etc. It 
s hwkcd for as an undesirable impurity in certain food products. 


Preparation and Solution of the Sample 

In dissolving the substance containing antimony it must bo remembered 
iliat metallic antimony is practically insoluble in cold ililute hydrochloric, nitric 
)r sulphuric acid and the oxides, Sbjttj or Sb.Os, arc precipitated in strong nitric 
icid. The element, however, is readily soluble! in hydrochloric acid contain¬ 
ing an oxidizing agent, such as nitric acid, potassium chlorate, chlorine, bromine, 
‘tc. The o.xides of antimony are soluble in hydrochloric acid and tlic caustic 
ilkalics. 


Solution of Sulphide Ores, Low-grade Oxides, etc.* 

0..5 to 1 gram of the finely ground ore, placed in a Kjehiahl flask, is mixed 
with n to 7 grams of granular or powdered potassium sulphiite, and 10 cc. 
)f .strong sulphuric acid. About 0..') gram of tartaric acid, or a piece of filter 
paper, is added to naluce arsenic and antimony and the mixture heated, 
gradually at first, and then with the full Bunsen (lame. The heating is con- 
tinned until the carbon is completely oxidized and most of the free acid driv'en 
off, leaving a clean fusion but not to comjjlete expulsion of lUSO,. The melt 
is now cooled over the bottom and sides of the flask by gently rotating during 
the cooling. 

About .50 ce. of dilute hydrochloric acid (1:1) are added and the melt dis¬ 
solved by warming gently. The contents of the Kjeldahl flask are transferred 
to an Erlenmcycr flask, the Kjeldahl being rinsed out with 25 cc. of strong 
hydrochloric acid. Arsenic sulphide may now be preeii)ilated with H,S from 
the strongly acid solution, whereas antimony, etc,, remain in solution. The 
sulphide is filtered off through a double filter, that has been moistened with 
hydrochloric aci<l (2 : 1), a platinum cone supporting the filter to prevent its 
leaking. The flask is riased out with hydrochloric acid (2 : 1). The pre¬ 
cipitate is washed at least six times with the acid. Antimony passes into the 
filtrate together with other elements of the ore. 

The filtrate is diluted with double its volume of warm water and then is 
saturated with hydrogen sulphide. Antimony sulphide, together with other 
elements of the Hydrogen Sulphide Group, will precipitate. These are washed 
with hydrogen sulphide water. Antimony sulphide nmy now lie dissolved by 
addition of sodium sulphide and caustic solution (separation from Cu, Pb, Cd, 
Bi, etc.) (5 to 10 cc. of a mix of 60 grams Na,S with 40 grams of NaOH 
diluted to 1000 cc.). 

5 


* Method of A, H. Low modified. 
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The solution containing tlie antimony is treated with about 2 grams of 
potassium aulplinte and 10 cc. of strong sulphuric acid and heated as before, 
to destroy liberated sulphur and expel most of the free acid. The melt is dis¬ 
solved in hydrochloric luud, and the antimony titrated according to one of the 
volumetric procedures given under “Volumetric Methods.” 

Notk. All insoluble residue remaining from the acid extraction of the first melt 
may be dissolved by hision with sodium hydroxide and extraction of the melt with hot 
water. If a [irecipitate forms when this alkaline solution is acidified with hydrochloric 
acid, the presence of barium sulphate is indicated. 

Decomposition of the Ores by Fusion with Sodium Hydroxide. 

Oxides. 0.5 to 1 gram of the powdered ore is mixed with about 10 
grams of sodium hydroxide and placed in a thin-walled iron crucible of 60 cc. 
capacity. It is advLsidile to fuse a portion of the alkali hydroxide in the cru¬ 
cible with a pinch of potassium nitrate and then add the ore mixed with the 
remainder of the sodium hydroxide. The covered crucible is heated until the 
fusion liccomes homogeneous. The melt is poured out on a large nickel crucible 
cover or shallow dish. On cooling, the cake is detached and pliuied in a cas¬ 
serole containing water, any adhering cake on the cover, or melt remaining in 
the iron crucible, being di.s.solved with dilute hydrochloric acid and added to 
the sample in the casserole. About 30 to 40 cc. of strong hydrochloric acid are 
now luldcd and the mixture heated (eaaserolo covered) until the melt has dis¬ 
solved. Two to 3 grams of tartaric acid having been added to keep anti¬ 
mony dissolved, the solution is diluted to about 300 cc., and antimony is then 
precipitated as the sulphide with hydrogen sulphide. The treatment of the 
precipitate at this stage hits been given in the “Solution of Sulphide Ores.” 

Sulphides. Howard and Harrison ' rccommend the following procedure 
for fusion of sulphide ores with caustic: 0.5 gram of the powdered ore is fused 
with a mixture of 8 grams of sodium carbonate and sodium peroxide, 1:1, 
in a nickel crucible. The cooled melt is dissolved with sufficient hydrochloric 
acid to neutralize the alkali and about 15 cc. of strong acid added in excess. 
The solution is diluted to 2.50 cc., antimony being kept in solution by addition 
of ])obissium chlorate. An aliipiot portion of the solution is taken, antimony 
reduced by inetabisulphite and litiated with iiKline. 

Treatment of Speisses, Slags, Mattes, etc.* 0.5 to 2 grams of the 
sample is treated with 10 to 15 cc. of .strong nitric acid and the mixture taken 
to dryness. Fifteen ce. of strong hyilrochloric acid are added and the sample 
transferied to a 350-cc. flask, ailditional hyilrochloric acid laiing used to wash 
out the beaker. Ai'.senic is precipitated from the strong acid solution ns the 
sulphide, and antimony determincil in the filtrate. 

Solution of Alloys, .\lloys are generally dccomixiscd by treatment with 
mixtures of hydrochloric acid together with an oxidizing agent-nitric acid, 
potassium chlorate, bromine, etc. The subject is taken up in detail in the chapter 
on alloys. 

The alloy drillings are treated with strong hydrochloric acid, a little bro¬ 
mine added, and the mixture heated until the alloy dissolves, additiomil bromine 
being added from time to time if necessary. The excess bromine is removed 
by heating gently to kiiling. The higher oxides are reduced by addition of 

• Thar. Jour., liKM), 83, 147. 

’ H. E. llix)|)er's method. 
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sodium metabisulphite and the sulphides precipitated, ns usual, with hydrogen 
•sulphide. Arsenic may now be volatilized by boiling, and antimony titrated 
with iodine or potassium bromate. 

Alloys of Antunony, Lead and Tin. 0.5 to 1 gram of the finely divided 
alloy is warmed with 1(X) cc. of strong hydrochloric acid until the action sub¬ 
sides. Solid iodine is now added, in sm.all quantitira at a time, until the alloy 
completely dissolves. The excess of iodine is now removed by boiling and the 
small amount of free iodine remaining neutralized with a few drops of a W’eak 
solution of scxlium thiosulphate. Although tin is oxidized to the higher state, 
antimony is not oxidizixl by ioditus in acid solution beyond the trivalent form. 
The solution may now be titrated with standard iodine in i)resence of an exetiss 
of srxlium bicarbonate according to the ]>rocedur<! given under the volumetric 
methods. 

Hard Lead. The metluxl of solution and titration are given under “Potas¬ 
sium Broinatc Metluxl for Deterniining Antimony.’’ 

Antimony in Rubber Goods.' Three grams of the finely rasped rubber 
are treated in a Kjcldahl flask with 40 to 4.5 cc. of strong sulphuric acid. A 
small (luaidity of mercury or mercury salt is added, together with a small piece 
of i)arafline wax. The mixture is lu'ated until the rubber is dis.solved and the 
black liquid begins to clear. Two to 4 grams of p(da.s,sium stilphate are then 
adiled and the heating continued until a colorless t>r i>ale yellow' li(]uid is obtained. 
After cixding, 1 to 2 grams of potassiunt metal)isul])hite are added and an excess 
of tartaric acid. Tlu; liipnd is diluted sufficiently to pri;vent the charring of 
the tartaric acid and boiled until the odor of sulphurous acid has disai)|X!ared. 

few cc. of dilute hydrtxdiioric acid are addtsl, the litpnd diluted to 200 cc., 
filtertxl through a dry filter, and 105 cc. titrated cither with i(xline or with 
pota,ssiuin bromate (the latter in acid solution), as descrilx'd under the volu¬ 
metric procedures. 

' W. Schmitz, Chem. Zentralhl., 1911, ii, 1710. Analyst, 1012, p. 04. 
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SEPARATIONS 

Separation of Antimony (together with Members of the Hydrogen Sul¬ 
phide Group), from Iron, Chromium, Aluminum, Cobalt, Nickel, Manganese, 
Zinc, the Alkaline Earths, and Alkalies. The arid solution of the elements 
is saturated with hydrogen sulphide, the elements of the Hydrogen Sulphide 
Group are precipitated us sulphides, the other elements remaining in solution. 
Antimony sulphide may he precipitated from an hydrochloric acid solution con¬ 
taining 15 cc. of strong acid ])cr iOO cc. of solution; lead and cadmium are 
incompletely precipitated. 

Separation of Antimony (together with Arsenic and Tin), from Mer¬ 
cury, Copper, Bismuth, Cadmium and Lead. The sulphides of antimony, 
arsenic, and tin are soluhlc iti a mixture of scsliuni hydroxide and sodium sul¬ 
phide, the Holuhle sulpho salts laung fornwal, mercury, copjicr, bismuth, cadmium, 
and lead remaining as insoluble sulphid(«. 'I’Ik! following procedure may be 
used for alloys free from mend)ers of other groups. The acid solution is treated 
with 3 to 5 grams of tartaric n(ud and diluhal slightly (more tartaric acid being 
added if the solution lajcomes turbid), tiam poured into 3(X) c(^ of a mixture of 
sodium sulphide and sodium hydroxide (1.50 cc. of the mix described under 
“Solution of Sulphide Ores” diluted to :)(K) cc.). 'I’lie mixture is warmed and 
the insoluble sulphides allowi'd to stdtie out. 'I'he solution is filtered free of 
the precipitate and the latter washed. The liltrale is acidified with hydro¬ 
chloric or sulphuric acid and saturated with hydrogfui sulphide. The sul¬ 
phides of arsenic, antimony ami tin ur(! now lillertsl olT and treated as described 
later. 

Separation of Arsenic, Antimony, and Tin. The sulphides may be dLs- 
.solved in concentrated hydrochloric acid by addition of potas.sium chlorate to 
o.xidise the sulphur to sulphuric aciil. This oxiilalioii may be cffechid in the 
alkaline solution of the sulpho salts by aildilion of 30/,', hydrogen i)eroxido 
in small portions until the yellow solution is compleOdy ih’colorized and then 
1 to 2 cc. in excess, the solution then boihal to (M)mpl(d.ely oxidize the sul¬ 
phides to sulphates and to remove the excess of peroxidi,. The solution is 
then acidified, the precipitation of the sulphides and the subsmpient filtration 
and resolution being avoideil. 

Semoval of Arsenic. 'Phis may be accotnplished by volatilizing arsenic as 
arsenic trichloride in a strong hydrochloric .solution by boiling. If arsenic is 
to bo determined the procedure given under the chapter on arsenic is followed, 
the arsenic being distilled in a current of hydriaddoric acid gas. If arsenic 
is not desired it may be (!X|H'll(-d by n^ducing the solution with sodium meta¬ 
bisulphite or isitassium iodide and boiling. Antimony and tin renurin in the 
conermtrated ai'id solution. 

The scimration of anwauc from antimony and tin may be effected by removal 
of the former in a strong hydrochloric acid solution as described under the section 
“ Preiraration and Solution of the Sample," arsenic being ))rc<‘ii>itated by hydrogen 
sulphide, whereas antinu>ny and tin rtunain in solution. 

Separation of Antimony from Tin. Upon the removal of arsenic, anti¬ 
mony may be determined dirw'tly in the presence of tin by one of the volu¬ 
metric methods given later. If a gravimetric separation is desired, it may 
be mode according to a modification of Clark’s mcthiKl, ‘ which depends upon the 
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’/act that antimony is completely precipitated from a solution containing oxalic 
acid, by hydrogen sulphide, whereas tin is not. The tin must be in the stannic 
form, otherwise the insoluble crystalline stannous o.\alate will form. 

If the mixture is acid, it is neutralized with caustic and twenty times the 
weight of the Sn and Sb present added in excess, e.g., 2 grams potassium 
hydroxide in exetss for every 0.1 gram of tin and antimony present in the solu¬ 
tion. About ten times as mucli of tartaric acid is now added as the maximum 
weight of the two metals, followed by 30% hydrogen ix'roxide to oxidize the 
tin. The excess of peroxide is removed by boiling. To the slightly cooled 
solution a hot solution of pure oxalic acid is aclded, 5 grams of oxalic acid for 
each 0.1 gram of the mixed elements. COi+Oi arc evolved. The solution 
is boiled for about ten minutes and the volume made up to a^»out 100 cc. 
Hydrogen sulphide is rapidly passed into the boiling .solution until a change 
from a white turbidity to an orange color takes place and antimony l^cgins 
to precipitate. The passage of the gas is continued for fifken minutes, the 
solution dilutcil with hot water to a volume of 2.')0 cc. and hydrogen sulphide 
passed uito the boiling solution for another fifteen minutes. The flame is now 
removed and the IIjS “ gasing ” continued for ten minutes longer. The pre¬ 
cipitated antimony pcnta.sulphide is filtoreii off in n weighed (iooch crucible. 
It may be determined gravimctrically as SbjSi, according to the procedure 
given later, by washing with 1% oxalic acid and dilute acetic, acid, by decan¬ 
tation, the solutions being hot and .saturated with hydrogen sulpliiile. The 
precipitate wa.shed into the crucible is dried in a current of (X)i at a heat of 
2.S0 to 3tX)° and weighed as SbjSj. 

Tin may la; detcrminiHl elect rolytically in the filtrate evaiioratcd to about 
150 C(^, the oxalic acid being nearly neutralized with ammonia. .Sec Electro¬ 
lytic Determination of Tin. 

Antimony may be seiiarahHl from tin in a hot hydrochloric acid solution 
by addition of pure iron. The iron and tin sulphides arc di.ssolved in concentr.atcd 
hydrochloric acid jilus a few crystals of jKitassium <■hlorate. The solution 
should contain about 10% hydrochloric acid, more hydrochloric acid being added 
as the iron dissolves. Antimony is iirccipitated as a metal. 

‘ The Original procedure, may Iw found in Clicm. News, Vol. XXI, p. 124. 
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GRAVIMETRIC METHODS FOR THE DETERMINATION OF , 
ANTIMONY 

The accuracy and rapidity of voluiiKdric inetho<ls for the determination 
of antimony leave little to he desirc<l in the estimation of this element, so that 
the more tcsJious Kraviim.-tric mcthiHls are less frequently used. The following 
procedures are given in view of possible utility in certain analyse.s. 

Determination of Antimony as the Trisulphide, Sb 2 S 3 * 

Although hydrogen siilphirhi passed into a cold solution tends to precip¬ 
itate iSI)»S,, in hot strongly acid solutions, the lower suli)hide, ShjSa, tends to 
form. The higher sulphide is decompo.s(xl at 230° with formation of Sb,S, 
and the volatilization of sulphur. A temix;raturc» of 280 to ,300° is even more 
favorable for this transhtrination. 'I’lic method takes advantage of these con¬ 
ditions for formation of antimony trisul|)hide, in which form it is weighed. 

Procedure. The solution of antimony, free from arsenic, is treated in an 
Krlenmeyer flask with strong hydrochloric acid until the solution contains about 
20% of the concentrated a<'id. 'I’lie mixtun; is heated to boiling and a slow 
curremt of hytlrogen sulphide is passed into the hot solution until the pixicipitate 
passes from a yellow color through an orange and finally becomes a dark red 
to black color. 1'he Hask is agitat(xl gently to coagulate the precipitate, which 
settles in a crystalline form. The solution is diluted with an equal volume of 
water, wasluTig (lown the walls of the flavk. A slight turbidity is generally 
seen, due to pmeipitation of a small amount of antimony that remains in solu¬ 
tion in a strong acid solution. 11,S is now passed into the diluted solution 
\mtil it beconaw clear, thirty-five to forty inimites are usually sufficient to pre¬ 
cipitate all of th(! antimony. Tla? preci|)itate is transferred to a w(ughed Gooch 
crucible, washed with small portions of water containing hydrogen sulpliide, 
and finally with jmre water. ’ 

It is a common jjractice, at this juncture, to wash the precipitate with car¬ 
bon disulphide or carbon fiitrachloride to remove luecipitated sulphur. Alcohol 
is now used, followed by ether, and the iirecipitate sucked dry. 

The Gooch crucible is placed in a largo condiustion tube and heated in a 
current of dry, pure CO, at 130° G. for an hour. The temperature is now 
raised to 280 to 300° and tiie heating continued for two hours. The residue 
will consist of pure Sb:.S,. 


S1),8.X0.7I l2=Sb, or Sb,S,X0.S,5r>S =Sb,0.. 


I. Antimony inay l>c determined by oxidation of the sulphide precipitate 
I of fuming nitric acid. 'I’lie mixture evaporaOst to dryness Is ignited and 


Notrb. 
by means i 

the residue weighed as SlijO,. 'I'lie temperature of the ignition should Ke between 
/.S) to 8(K) (,.. Ihe volatile trioxide forms at a little above 9.50°. 'Phe procedure 
requires greater care than the sulphide methoil and possesses no advantages. 

Pure carbon dioxide may be obtained from limestone placed in a Kipp generator. 
The gas 18 dried by passing it through strong sulphuric acid. It should be free from 
oxygen of the air. It is advisable to sweep out the air from the generator before 
attacluiig It to the ixunbustion train. The air in the tube is swept out with carbon 
dioxide before heating the sanqile. 

n SbeSj, ni.ic., 330.01; sp.gr., 4.0.5; fusible and volatile; solubility, 

0^)17.5 gram per 100 cc. 11,0; decomix).scd by hot 11,0; soluble in alkalies. NH.HS, 
K,S, cone. HCl. 


^ Mel hod of Vortmann and Metzel modified. 
• Paul, Z. anal. Chem., 31, 540 (1892). 
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Electrolytic Determination of Antimony ‘ 

The chief condition for the success of the electrolytic deposition of antimony 
in metallic form is the absence of polysulphidcs, since these substances prevent 
the element from being deposited, 2Sbd-3Xa»S'.=2Na3SbS3. The formation 
of polysulphidcs may be prevented during electrolysis by addition of potassium 
cyanide to the solution, Na 3 S 2 +KCN = NaiS + KCXS. 

The results of this method, according to F. Henz, arc invariably 1.5 to 
2% too liigh of tlie total antimony present in the solution. Tlie sample for 
analysis should contain not over 0.2 gram antimony. 

ftocedure. Antimony precipitated as tlie .sulphide is wa.shcd and then 
dissolved off the filter by pouring pure sodium sulphide solution (sp.gr. 1.14) 
over the iirccipitatc, the .solution lieing caught in a weighed platinum dish, 
with unpolished inner surface. The total volume of the solution should be 
not over 80 cc. (if less than this, additional XajS solution is added to make 
up to 80 cc.). Sixty cc. of water followed by 2 to 3 grams of ])ota.ssium cyanide 
(d.P.) are added and the cyanide dissolved by stirring with the rotating anode. 
The solution heated to (it) to 70° is electrolyzed with a current of 1 to 1.5 amperes, 
E.M.F. =2 to 3 volts. Two hours are generally sufficient to deposit all the 
antimony. The light-gray deiiosit adheres (irmly upon the cathode. With¬ 
out breaking the current the solution is siphoned oft, while fresh water is 
being added, until the current ceases to flow through the liquid. The cathode 
is wivshed thoroughly with water, followed by alcohol and ether and then dried 
at about 80°, cooled in a desiccator and weighed. 

The antimony deisisits may be removed by heating with a solution of alkali 
polysul|)hide or by a mixture of cipial parts of saturated solution of tartaric 
acid and nitric acid. 

' MetluKl first propo.seil bv I’arrodi and 5fasrazzini, Z. anal, ('hem., 18, .^87 (1879), 
modified bv biickow, Z. anal, (diein., 19. 13 (bSSO), and later imjirovcd bv Classen 
and Ueiiw, Bcrichte, 14, 1029 (1881); 17, 2171 (1881); 18, 408 (188.5); 27, 2074 (1894). 

F. Henz, Z. anorg Chem., 37, 31 (1903). 
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VOLUMETRIC METHODS 

Potassium Bromate Method for Determining Antimony * 

Outline. This method is of .sfxieml value in determining antimony in hard 
lead and alloys. It was first suggested by (lyory and later modified by Siedler, 
Niasensen and Rowell.’ The proems is based upon the oxidation of antimony 
from the trivident to the pcntavulent form by potassium bromate, the follow¬ 
ing maetion taking jilae(^: 

KRr(),,+:t.SbCl,-|-01Kd=3SbCU-|-KBr-|-.3H!O. 

Standard Solutions. 

Antimony Chloride Solution. Six grams of the C. P. pulverized metal are 
dissolved in .500 ee. of eoneentrated hydroehlorie acid together with 100 cc. 
saturated bromine solution, more acid and bromine added if nectssary to effect 
solution. After c.xpelling the bromine by boiling, about 200 cc. concentrated 
hydrochloric acid are ad<l(sl aiul the whole made up to one liter. Fifty cc. 
=•0.3 gram antimony. 

N/IO Potmeium Bromate Solution. 2.82 grams of (!. P. salt are dissolved 
in water and niad(! up to I liter, d'lieondically 2.78.52 grams are required, but 
the salt invariably (siutains potassium brounde as an impurity. The solution 
is standardized against .50 C(^ of the antimony chloride .solution, whicli has 
been reduced with .sodium sulphite according to the standard scheme. One 
cc. of N/10 KRK)i =0.(KMi gram Sb. 

Methyl Orange. 0.1 gram M. O. [ht 100 cc. of distilled water. The indi¬ 
cator should b(! free from sediment. 

Saturated Bromine Solution. .5(K) cc. concentratt'd hydrochloric acid satu- 
rattal with 70 cc. of bromini!. 

Procedure. Solution. One gram of the finely divided alloy is brushed 
into a .5(X)-ce. beaker, KH) cc. of concentrated hydrochloric acid and 20 cc. of 
saturaUsd bromine solution aie added. 'I’he beaker is covered and placed on 
the steam bath until the metal dissolves. It naiy la; necessary to add more 
bromine and acid to effect complete solution. In ca.se the oxides of antimony 
and tin srqrarate out ami do not redis.solve, fusion with sodium hydroxide may 
be necessary. Rromine. is now ex(H'llcil by boiling the solution down to about 
40 cc. 

Reduction. One hundred cc. of l oiiceulrated hydrochloric acid and 10 cc. 
of a fresh saturated solution of Na,.St>i an; aihhsl and the solution boiled down 
to 40 cc., on a sand bath, to expel arsenic and the excess of normal sodium sul¬ 
phite. Samples high in arsenic may rccpiire a rc[H'litiou of the reduction. 

Titration. 'I'he cover and side's of tlu^ beak('r are rin.serl down with 20 cc. 
of liydrochloric acid (sp.gr. 1.2) followed by a few cc. of hot water and the 
solution heated to boiling on a sand bath. The standard bromate solution 
is now run into the liot solution of antimony to within 2 to 3 cc. of the end¬ 
’s. Oydry, Zeit. Anal. Chem., 82, 11.5 (IS!);!), .), B. Duncan, Chem. News, 96, 
49 (1907). 

’ll. \V. UowcU, Jour. foe. Chen\. Ind., XXV, 1181. 
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point, this hunng been determined in ii preliminary run with methyl orange 
added in the beginning, 4 drops of methyl orange are added and the titration 
completed cautiously until the color of the indicator is destroyed. If iron 
or copper is present the final product will appear yellow. Since the end-reaction 
is slow the last portion of the reagent should be added drop by drop with con¬ 
stant stirring. 

1 cc. N/10 KBrO, =0.000 gram Sb. 

Notes. Since antimony chloride begins to volatilir.o at 195"C. and boils at220° C. 
it is advisable not to carry the concentration too far while ex|>clling arsenic. 

bead, copper, sine, tin, silver, chromium, and sulphuric acid have no effect upon 
the determination, but large (|uantiticH of calcium, magnesium, and ammonnun 
salts tend to make the results high. Low' found that copiier produced high results, 
approximately .012% too high for every 0.1%of copiicr present. The author (W.W.8.) 
finds, however, that with the procedure given above, amounts of copper ns high as 
15% produced no difficulty beyond a yellow coloration of the solution. With mrger 
amounts of copjier, the end-point became difficult to detect owing to the depth of 
this yellow color, so that in case of brass and copper alloys, the method must be 
modified by a procedure for removal of the copia-r. Lead up to 95% caused no 
dilliculty. Iron, in amounts such as arc commonly met in alloys of lead, docs not 
interfere. 

During the course of analysis antimony may bo isolated ns the sulphide; this is 
dissolved in strong hydrochloric acid, and reduced and concentrated to expel arsenic 
that may be iin’sent as a contamination, and the resulting solution titrated with 
potassium bromate as directed above. 

Sources of Krror. (a) Imperfect volatilisation of arsenic. (5) Incomiileto exptd- 
sion of iSOj. fr) Over-titration if insufficient hydrochloric acid is present. 

No loss of antimony occurs at temperatures below 120° 0. 

Potassium Iodide Method for Determining Antimony 

Procedure. To 1 gram of fine sawings or filings in a lO-oz. Erlcnmcycr flaak 
add (iO cc. of coneeutrated hydrochloric acid and heal on an asbestos board or on 
the water bath just l)nlow boiling. When hydrogen is no longer evolved, decant 
the liiiuor and wash twice with concentrated hydrochloric acid, retaining the 
antimony in the flask. Now dissolve the atiliiuony by adding 15 cc. of con¬ 
centrated hydrochloric acid atid solid potttssium chlorate, a few crystals at a time, 
until the antimony is in solution, tins liipiid being kept hot. Expel chlorine 
by boiling, add .50 <•<■. of concentrated hydrochloric acid and again bring 
to boiling. ('(s)l and add 20 cc. of 20% potassium iodide solution and 1 cc. of 
carbon disulphide or tetrachloride. Titrate the lilrcrated iodine with tenth-normal 
sodium thiosulphate. The brown color will gradually disapiwar fnun the solu¬ 
tion and the last traces of free, iodine will bo collected in carbon disulphide or 
carbon tetrachloride, giving a pink color. When this |)ink color disappears the 
end-point Ims been reached. 

One cc. N/IO N'a 2 Sj 03 = .(K)fi gram of Hb. 

Naj.S,Oj is standardized against .I! gram antimony as in case of Potaasiuin 
Btomate Melhorl, the above procedure, however, being followed. Antimony 
must be free from copper and arsenic. 

Notes. The following reversible reaction is of interest: “U” representing a tri- 
valent metal with oxidation to jientavalent fonn. 

R20i4'2Ij'1'211jO = RjOfc-b4HI. 

The reaction goes to the right when an alkali is present to neutralize the free 
acid formed;, c.g., Mohr's process for determining arsenic by titration of the lower 
‘ A. H.,Low, “Technical Methods of Ore Analysis.” 
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oxido wUh iodine in pre8once of fMKiiuni hituiriionatc. The reaction goes to the left 
in presence of strong acid; c.g., Weller’s process for the determination of antimony 
in an acid solution. 

The solution should not contain more than i of its volume of hydrochloric acid 
(sp.gr. l.lh), since too much hydrochloric acid gives high n'sults, owing to the action 
of hydrochloric acid on potassium icslide. Too little acid leads to the separation 
of basic iodides and chlorides of antimony. The solution is best boiled down to 
20% hydrochloric acid (above strength). 

Stannous chloride may be used in place of thio-sulphatc in titration of iodine. 

8bC!*+2KI *Sb(n,+2K<:i f 12 and l24'SnCh+2HCI=SnCU+2HI. 

Determination of Antimony by Oxidation with Iodine 

Tho j)roco(i»ro nrigitiatdd liy Molir und modified by Clark, depends upon 
the reaction Sb,(),+21,+211,0 -Sh,0.+4III. 

Tho renetion takes plaeo when iixline is added to a solution of antimonous 
salt in presenee of an excess of alkali biciirhonate. In an acid solution oxida¬ 
tion witli iodine does not go beyond Sb,0,. 

Procedure, Solution. The sample is liroiiglit into solution liy one of the 
procedures given under “ Pre|)aration and Solution of the Sample.” Alloys 
of antimony, lend, and tin arc treated according to dircetions given for this 
combination. 

Titration, To the bydrocliloric acid solution of antimony is added tar¬ 
taric acid or Hocbellc salts, the excess of tlie aciil neutralized with sislium car¬ 
bonate, the solution made barely acid with hydrocldoric ai id and a saturated 
solution of .sodium bicarbonate added in tlie proiiortion of It) cc. bicarlionatc 
solution for each 0.1 gram of SbjO,. Starch is added as an indicator and the 
solution titrated with N/ltl iodine. 

1 cc. N/IO iodine =.0.tKlf) gram Sb. 

Notk. The titration should be made immediately unon addition of ttic sodium 
salts. 


Antimony in Solder Metal and Alloys with Tin and Lead ' 

Procedure. Dissolve 2 grams of the sample of alloy iti concentrated hy¬ 
drochloric acid. When the metal i.s all in solution, add crystals of iodine until 
the solution is thoroughly iiermeated. The color at this point should lie a 
deep purple. Itoil until all of the iisliuc fumes have been driven out. The 
metallic antimony which did not go into solution in the liydrochiorie acid should 
now bo all dissolved. If it is not. add more iodine until the solution is com¬ 
plete. When all is in solution and tlio (a>lor changes to a straw yellow, cool add 
a few ec. of starch solution. If a blue color apiwars, due to an excess of kxiine, 
run in N/10 sodium thio.snlplmte solution until colorless. In case there Is no 
blue color developed, add N/lO iodine until a faint l)lue ap])cars. Now add 
50 cc. of a saturated solution of Rochelle salts. Make alkaline to litmus by 
adding 25% sodium hydrate solution. Then make slightly acid with HCl 
and finally alkaline with sodium hicarlxmate. Cool and titrate with N/10 
iodine. 

Note. "I’hc method give.s very good results. I have checked it up when there 
was one-tenth of a gram known antimony iireaent and the results were within a 
reasonable limit of accuracy.” ' 

' Method communicated to author by Mr. H. S. Clark. 
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Other Procedures 
Permanganate Method 

Antimonous salts may l)e titrated with standard potassium ))ermanganate. 
The iron value for the permanganate multiplied by 1.075 or the o.valic acid 
(CjHith • 2HiO) value multiplied by 0.1)552, will give the antimony value. 

Indirect Evolution Method 

The method depends upon tlm evolution of HjS from the sulphides of anti¬ 
mony decomposed by strong hydrochloric acid, the amount of hydrogen sul¬ 
phide being the same for cither Sb-Si or SbjSi, the following reactions taking 
place: 

1. Sb,.S.+fiIf(T = 2SbCb-|-:}lU«!. 

2. Sb>S-|-liH('l =2SbCb-i-S,+:iH»S. 

The det.ails of the method are practically the same as determination of 
sulphur by the evolution method in the analysis of iron and steel. See Chapter 
on Sulphur. The antimony sulphide preci))itate is iilaced in the evolution 
flask, strong hydrochloric a<'id added with an eijual volume of water and the. 
evolved hydrogen sulphide absorbed in an ammoniacal solution of cadmium 
chloride. The precipitated cadmium sulphide is then titrated with iodine in 
an acid solution. 

One cc. N/IO 1=0.001004 gram S, since 3S=2Sb, therefore Sb=.SX2.499, 
hence, 1 cc. N/10 1 =0.00401 gram Sb. 

Preparation of Standard Iodine Solution. An approximate tenth normal solu¬ 
tion is made by dis.solving 12.7 grams of commercial iodine, roughly weighed on 
a watch-glass, in 200 ec. of water cotdaiinng about 25 grams of isitassium iodide, 
solution being effected in a graduated liter flask. After making up to 1000 cc. 
with distilled water, the reagent is transferred to a dark-colored Imttle, to protect 
it from light. It is advisable to make up 5 to 10 liters at a time for laboratories 
where the solution is in constant demaml. After standing several hours, the 
reagent is standardized by running a portion from a burette into 100 cc. of tenth 
normal arsenous acid (see page 240) until a faint yellow color is iterccptible. In 
presence of starch indicator a faint blue color is obtained. 

100 dividwl by the cc. of iodine required gives the factor for a N/10 solution 

Example. If 98.5 cc. of iodine arc required, 100-^98.5 = 1.01.52 N/10 or 
.10152 normal. 

Tenth normal arsenous acid solution contains 4.9.5.'! grama of AsjOi, per liter, dis¬ 
solved in malinin hydroxide and made up nc,c.ording to directions given on page 204. 
The oxide is sehhnn pure, so that allowance must l)e made for impurities. For example, 
the acid containing 99.50 per cent AsiOj would require 4.9.5t! = .99,50 = 4.97 grams per 
liter of solution. 

Commercial iodine may contain chlorine, bromine, cyanogen and water. It may l)e 

f sirificd by repealed sublimation (“ Analytical Chemistry,” Tivadwcll and Hall, IV 
!d.. page 040, or “A Treatise on Quantitative Inorganic. Analysis” (191.'!), by J. W. 
Mcllor, page 288). There is no advantage in taking the theoretical amount of purified 
iodine, however, since the reagent changes in strength on standing. 

Pota^ium iodide augments solution of iodine, which is sparingly soluble in water. 
The iodine may lie standardized by titrating a definite volume with N/10 sodium 
thiosulphate. Sec page 240. 



28 b 


ANTIMONY 


VOLUMETRIC 

Determination of Antimony in Brass-Permanganate Method 

Reagents. Potassium Permanganate. 0.3 g. of KMn04 is dissolved in 
water and made to 1000 cc. Tlie reagent is standardized against 25 mg. of 
pure antimony that has been dissolved in 15 cc. of boiling sulphuric acid and 
treated as described in the procedure beiow, under 4 and 5. 

Procedure. 1. A sample of 5 grains of brass is dissolved in a 250 cc. 
beaker in 25 cc. of strong nitric acid (d. 1.42), and after the action has ceased 
the solution is boiled to expel the oxides of nitrogen. Now 125 cc. of boiling 
water are added and the solution allowed to settle for an hour or more, keeping 
the temperature just below boiling. The tin and antimony precipitates are 
filtered on double 9 cm. closely woven filter papers, keeping the solution hot, 
and then washed with boiling water. The filtrate is discarded. 

2. The papers and residue, transferred to a 350 cc. beaker, are treated with 
25 cc. of strong nitric acid (d. 1.42), 5 grams of ammonium persulphate, 
and 15 cc. of strong snlphnric acid (d. 1.84) and boiled down to strong fumes. 
(The reaction may be conveniently carried out in a “ copper flask ” of pyrex 
glass.) If the solution is brown, 5 cc. of strong nitric acid are added to the 
cooled solution and about 1 gram additional of persulphate and the boiling 
to fumes rcpcuitcd. 

4. When the solution is eolorle.s.s, it is cooled, 20 cc. of water added, to¬ 
gether with 20 cc. strong hydrochloric acid (d. 1.20) and (cautiously) 1 gram 
of sodium sulphite and the SO^ completely expelled by gentle heating for 10 
minutes, or longer. 

5. The solution is diluted with 200 cc. of water, and cooled under running 
water to 10° to 12° C.. then titrated with the standard potassium permanganate 
solution to a decided pink (a>lor. 

Notes. Antimony is prcci|)i(at(Hl (inantitatively with racta-.stannic acid in alloys 
containing a large amount of tin. 

The filUT jmper is destroyed bv aminonintn pcrsutpliato and nitric acid, while tin 
and antimony go into .solulion with tiu! sol|)hnric acid. Fuming nitric and su^huric 
acids may tx) used, in place of tim ixTsulphate ami nitric acid, but arc not so efficient. 

The solution is kept hot to prevent .solution of the mcta-.stannic acid. 

Arsenic in the alloy iieees,sitales a correct ion. 

In case of alloys containing considerable amounts of tin and antimony, 
smaller samples should be tiiken anil stronger txitassiuin permanganate solution 
than is recommended lor bra.ss. 

Should the oxides remain undissnived nixm fuming with sulphuric acid, 
a small piece of filter ptiper added (J inch square) will effect reduction and 
solution of the oxides. The solution should be heated until the carbon of 
the filter is destroyed and the solution clears and becomes colorless. 
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Determination of Small Amounts of Antimony 

Details of this procedure wore worked out by Mr. W. Shelton, under the 
direction of Mr. W. C. P'erguson, chief chemist, and Mr. E. Fitzpatrick, first 
assistant chemist, Nichols Copper Company. The method is accurate and is 
of special value in determining traces of antimony in copper and in alloys. 
Since arsenic may also be determined a separation by distillation is necessary 
if the latter is present. (See pages 32, 37.) 

Description of Generator 

The generator consists of three separate parts; 

1. Glass cap which is placed over funnel .4, to hold the disc of test paper in place. 

2. F-(i, this part of the apparatus 1ms two small parts: F, which is a tul)e of glass 
11" long, wide, fitted into a rubber tube (/, lY' wide which in turn is fitted into the 
lower part of funnel .4. The part F is a very im]>ortnnt one anti care should be taken 
to have exactly the same size ghms tubing and that distance from the top of i4 to top 
of F is /f". 

The entire apparatus consists of parts, .4, /f, (', D, A,’, F, G. 

A. The funnel for t(*8t paper. 

B. Hull) for holding cotton saluratotl with leiul a<‘elate to absorb any HjS gas 
should any be present when generator is o)>era(ing. Use O.t) gins, of cotton. 

(’. This part extends to E, which has two purjKisc's: No. 1. For intnxlutang acid. 
lIjO, the test, etc., without opening the apparatus. No. 2. As a safety valve, should 
the apparatus bc<‘orne ('logged or stopped up the pressure will exert itself in this direction. 

/). Up|M‘r part acts as condenser. Tlic lower jiart is ground to fit the bottle No. 3. 

E. This part is explainecJ in C. 

3. This part is the bottle whicli has 2.50 cc. capacity with a ground mouth to receive 
tlie No. 2 part of generator. 

Notk: All generators must be male and assembled as nearly uniform as passible 
to assure concordant results. 

4. This figure shows the maniXT in which the test is placiHt on funnel A, Fig. 2, 
and how the cap, Fig. 1, fits over and holds the te.st paiHT in position. 



Fio. la. Fitzpatrick Apparatus for Determining Traces of Antimony. 
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Chemicals and Solutions « 

All chemicals and solutions must be previously tested for arsenic and antimony 
before 

HCI—(J.l*. Cone. recJistillcd, Ah iinrl 8 b free. 

HNOa-C.P. Cone. 

NH4OH—C.P. Cone. 

Fei(NOj)j—5 lbs. to 1) literH, about 3% Holution. 

KCiOj—iwe dry emtalH. 

FeCli—2 lbs. to 2 literH. 

ZnCb—20 IbH. U) 9 liters IlCl (purified by dissolving 15 gms. zinc in 500 cc, of the above 
Htoek solution). 

Zinc *Shot—Wash in dilute HC3 hefon* u.sing. 

SnClj hoIuUqii —52.5 grs. per liliT. 

5% HgCIi UHe<l for test paper. 5 g.\ to 100 w, H 3 O. (Cut with die into circles of 1 1" 
in diameter.) 

10% Pb. (C,H,(),), for cotton. 10 grs. to 100 ce. 11,0. 

5% NFhOHi for developer of test paj>er, 2(K) ec. NII 4 OH per liter. 

1% AuClj solution. 

Preparation of Test Paper. Tlie paper uswl must be selected, when purchased, for 
evenness of thickneHH and texture in Hheets of 24" x 40". 

11)0 a!>ove HheidH are cut in half and .saturat<Kl with a 5% llgCl. solution—the wet 
sheet is then placinl on a glasH plate and the mirpliiH solution is sijueeztxl out with a 10" 
rubber roller, whiirh is roIliNl over the paper twice, (’are must be exercisiM! to roll the 
papiT evenly anil with goo<l pressure using the same conditions for each sheet. The 
sluM't is now hung over a line to dry, in a warm place away from the sunlight or any 
influence of hydrogen sulphide. I)o not <iry paper in oven. When dry the paper is 
cut with <lie into j)iec<'s of 1 $" in diameter. K(m*p tin* discs of test jiaper in a dark- 
brown bottle aixl away from the light until used. 

Knough tt'st paper should be made at om* time to last, for about 3 months, 
hkeh new lot nimh? should be tested with known amounts of As and 8 b and com- 
purc<l wit h standards, before using. 8 houId tluy not check close it is advisable to make 
new set of stamlanls from the test paper just miMle. 

Preparation of Lead Acetate Cotton. A roll of absorbent cotton is oi>eno<] and satur¬ 
ated with a 10 % solution of leml aciMale and surplus draimnl off, then hung on a line 
to dry in a warm place away from the influence of hydrogen sulpliide. .Do not dry in 
oven. When dry, phw^e in stoppered bottle until us(*d. 


Precautions 

Blank. A blank test should bo nm with ea<'h day’s work, using all the reagents 
used in ai'tual tests. 

The stain obtaincnl on test pa|MT from blank is subtraetixl from the actual test. 

Limits. 11)0 limits of .\s or Sb that can be determined by this method must be 
within the following Hgim's: 

.\s sepnmtely from .00(K)2 grs. to .(K)0U) grs. 

^ 8 b separately from .(KK )02 grs. to .()(K)15 grs. 

Checks. A 10 grs. sample of standanl (‘opper known to be free from As or Sb is 
weighed out and known amounts of .\s and 8 b are introdiiee<l. 

Distillation. The distilling apparatus should not be used for any other tests when 
the As or 8 b is known to be higher thiui the limits for tliis work. 

Zinc. 11)0 zinc 8 hi>t must be cleane<l with ililute IlCI and washed with distilled 
water eaeh day to insure pro|HT aetion in generator, and to expel any sulphide present 
whieh would spoil the t(> 6 t 

Genentor. The presence of nitmte.s, chlorates, or compounds of copper interfere 
with generation of arsine and stibine, so care niust l>e exereisoil to have these compounds 
eliminated. 

liarge quantities of ferrous and ferric compounds interfere also in the generation 
of stibine to some degree. The small amount of Fe that gets into the test from the 
procwis of distilialion is overcome by the addition of 2 cc. stannous chloride—at times 
more may be required. 
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TTniformity. Uniformity must be strictly adhered to throughout the test. 

In the determination of antimony in presents of arsenic the removal of the latter is 
necessary. This is accomplished by distillation of AsCI> according to the procedure 
outlined on page s 32, 37. 

Standard Antimony Solution and Standard Stains 

Antimony Solution. \ stock solution is made up by weighing out 0.^ gms. 
KSbOiCtH/le which is dissolved in distilled water and mode up to ISWO cc. whioli repre¬ 
sents I cc. = .0001 g. Sb. 

From the above stock solution take 100 e<^ and make up to 1000 re. this solution 
now equals 1 ei-. = .00001 g. Sb, whii'h is usisl for making the standard stains and 
introducing into checks. 

Outline of the Method 

Preparation of Standard Stains. E.\treine care must be taken when pre¬ 
paring the standard staiins. 

Wash the generator thorouglily with distilled water, place freshly prepared 
lead acetiite cotton in tlie bulb, H, .Xti. 2, and see that the top of part F, No. 2, 
is exactly -fe" from the top of part .1, No. 2. 

Now introduce into bottle of generator, No. 3, the recpiireil amount of 
.Vs or Sb as desired and then add .">0 cc. redistilled HCI, .4s free, 2 cc. stannous 
chloride solution and make up to 220 ce. with distilled water. 

The disc of mercuric chloride test i)aper is now placed on top of funnel A, 
No. 2, and the glass cap. No. 1, is birced over the paper holding it in place. 

Now introduce 1.") gms. metallic zinc shot and place the No. 2 section with 
No. 1 attached into the No. 3 or bottle of generator. The apparatus now 
being assembled, observe that the apparatus is fitted together tightly, because 
as soon as the zinc is introduced, Arsine and Stiblne is generated immediately. 
Place the generator into the water bath to midntain constant temperature 
which should be about 70° F. Allow the generator to operate for 1 hour. 

The glass cap, No. 1, is now removed and the test paper is developed in a 
No. 2 beaker with .i% NIUOH solution for three minutes, then washed 5 times 
with distilleil water. The test iraper is now toned with a 1% AuClj solution 
by allowing the test paper to remain in .solution for five minutes. The test 
paper will now have a violet or puride stain, the intensity depending on the 
amount of As or Sb introduced. W.ash the paper .') times with distilled water 
and preserve in .aO cc. glass stopjiered bottles containing about 5 cc. water. 
Keep bottles in dark place, because the stains darken on exposure to light. 

Duplicate tests are made, finally selecting of two the one which is the 
must uniform. 

Tlie stains are made to represent the following amounts: 

Sb 


1.00002 

2 .00004 

3 .00006 

4 .00008 

5 .00010 

6 .00012 

7 .00014 

8 .00016 
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Procedure for Refined Copper 

A blank is run with all tests. 

Weigh 10 gms. of the shot or drilled sample into a No. 3 beaker. Add 
60 cc. Cone. HNOa, C.P. As free, let .stand covered with watch gla.ss until the 
action has subsided. Now place beaker on wire gauze over Bunsen flame and 
heat until all the copper is dissolved. 

Remove from flame, dilute t.) l.^O cc. with distilled water (if too basic add a 
few drops of HCI to clear the .solution). Add 2 cc. ferric nitrate solution, stir, 
then make ammoniacal by adding C.P. ammonium hydrate (As free). Bring 
to boiling. Remove from flame and filter through a 15 cm. fluted Perfection 
filter paper. Immediately wash the filter paper free from copper compounds 
with hot water, using dilute ammonia where necessary to wash out any copper 
salts that have crystallized. 

The precipitate (which contains both As and Sb) is dissolved off the filter 
with hot dilute hydrochloric acid, by means of a wash bottle into a No. 4 
casserole. Wash the filter three times with hot water. 

Add a pinch of KClOj to the casserole, cover with watch glass, place the 
casserole in an asbestos cut out over Bunsen burner and boil the contents 
down to 10 cc., taking care that it does not roast on the sides. 

DistiUation. Transfer the contents of the ca.sserolo to the distilling appar¬ 
atus. Add 20 cc. ferrous chloride and 20 cc. zinc chloriile .solution, and distill 
until the contents of flask begins t(( froth. Now add, drop at a time, 35 cc. 
IICl, through the dropping funnel which is connected to flask. Distil until 
all the HCI is out of the funnel and out of the flask. 

The distillate is received in a No. 4 beaker having 40 cc. HsO in which 
both the As and Sb is contained. 

The above distillate is now transferred and washed from the beaker into 
the s|)ecial designed generator. .\dd 2 cc. stannous chloride which insures a 
complete reduction of any ferric compounds present. Dilute the contents of 
generator to 220 cc. Place disc of IlgCb test paper on the funnel top. then 
put on cap to hold in place. Add t.o gms. metallic zinc or 1 No. 6 porcelain 
spoonful. Take care that the generating apparatus is properly closed, then 
place into water bath to maintain constant temperature which should be 
about 70 h. The apparatus is allowed t<i operate for one hour during which 
time the ursine and stibine generated shall effect the IfgCb test paper, causing a 
yellow or orange colored s|>ot which varies in color and size according to the 
amount of As and bb present. Phe p.aper is now removed from the apparatus 
and develoiKni in a No. 2 Iwaker containing 5% ammonium hydrate solution 
for three minutes. 1 he color of the spot now changes to a brownish black. 
Wash test paper five times with distilled water. Now cover the test paper 
with 10 cc. of 1% gold chloride solution which tones the color of the spot to a 
violet or purple hue that fixes it so comparison can be made with the standard 
stains or spots to determine the amount of arsenic or antimony in the sample. 
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Determination of Antimony in Tartar Emetic 

Iodine in the presence of sodium bicarbonate oxidizes trivaleut antimony 
to the pentavalent form as shown by the reaction: 

K(Sb0)C,H,0,+6NaHC0i+Ij 

= Na,Sb0i + KNaC,H.0.+2NaH-H80+6C0,. 

Procedure. 10 urams of tartar emetic are dissolved in water, the solution 
diluted to 500 cc, and 20 cc. taken for analysis. This is diluted to 100 cc. 
25 cc. of 2 per cent sodium bicarbonate are added and the mixture titrated 
with N/10 iodine reagent. 

1 cc. N/10 1 = 0.016617 g. K(SbO)C,H,O. JH,0 
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DETECTION 

Hydrogen sulphide precipitutos tlie yellow HulpKide of arsenic, AsaSi, when 
passed into its solution made stronuly acid with hydrochloric acid. If the 
solution contains more than 2.5% hydrochloric acid, (sp.gr. 1.126) the other 
members of the hy<lrogen sulphide group do not interfere, as they are not 
precipitated from strong acid solutions by hydrogen sulphide. Arsenic sulphide 
is soluble in alkaline carbonates. (Antimony sulphide, SbiSi, reddish yellow, 
is insoluble in alkaline carbonates.) 

Volatility of the chloride, AsCb, is a meaas of sejjaration and distinction 
of arsenic. Details of tlm proceilure are given under “.Separations.” The 
distillate may bo tested for arscaiie as (lireete<l above. 

Traces of arsenic may bo d(!tect<sl by cither the (iutzeit or Marsh test 
for arsenic. Directions for the (lutzeit test are given at the close of the vol¬ 
umetric procedures. 

Distinction between Arsenates and Arsenites. Magnesia mixture pre¬ 
cipitates white, MgNMEAsD,, when added to ammoniacal solutions containing 
arsenates, but it produces no j)recipitatc with arsoi\itcs. 

Red silver arsenate and yellow silver arsenitc are precipitated from neutral 
solutions by ammotdacal silver nitrate. An arsenate gives a yellow precipitate 
with ammonium molybdate solution. 

ESTIMATION 

The determination of arsenic is re(iuired in the valuation of native arsenic, 
white arsenic, As.O,; ores of arsenic orpiment, As,S,; realgar, AsjS,; pyrar- 
gyrito, AsiSb,; arsenopyrite, or mis])ickcl, FeSAs; cobaltite or cobalt glance, 
CoSAs; smaltitc, (’oAsj; niccolib;. Ni.\s. 'I’he substance is (sstimatad in 
copper ores, in siK^iss, rogulus; in iron precipitates (.basie arsenate). It is 
detennined in fwiint ))igments, Schecl's green, etc. The clement is determined 
in shot alloy and in nuuiy metals. It is estimated in germicides, disinfectants, 
and insecticides—Paris green, lead arsenate, zinc arsenitc. Traces are looked 
for in food products and in substances where its irrcsence is not desired. 

Preparation and Solution of the Sample 

In dissolving arsenic compounds it will be recalled that the oxide, As,0,, 
is not readily acted upon by dilute acids—hydrochloric or sulphuric. The 
compound is soluble, however, in alkaline hydroxides and carbonates. Nitric 
* Van Nostrand’s Chem. .\nnual—tjisen—tid Ed. 

Chapter contributed by Wilfred W. Scott. 
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Acid oxidizes AsaOa to the higlier oxide, AstOi, wliich is soluble in water. The 
stilphidcs AssSt and AsiSi are practically insoluble in hydrochloric or sulphuric 
acids, but arc dissolved by the fixed alkalies and alkali sulphides. Ail orsenites, 
with the exception of the alkali arsenites, rctiuire acids to effect solution. 

Pyrites Ore and Arseno-pyrites. The amount of the sample may vary 
from 1 to 20 grams,' according to the arsenic content. The lincly ground sample 
in a large casserole is oxidized by adding 10 to 50 cc. of bromine solution (75 
cc. KUr+50 cc. liipiid Hr+4.50 cc. Il.O) covering and allowing to stand for 
fifteen minutes, then 20 to 50 cc. of strong nitric acid are added in three or 
four isirfions, allowing the action to subsiile upon each addition. The glass 
cover is raised by means of riders, and the sample evaixirated to dryness on 
the steam bath; 10 to 20 cc. of hyilrochloric aciil are now addixl and the sample 
again taken to dryne,ss. Again 10 to 25 cc. of hydrochloric acid are added 
and the sample taken to dryness. I''inally 25 cc. of hydrochloric acid and 75 
cc. of water are added, and the mixtui-e digested over a low Hamc until all the 
gangue, e.vccpt the silica, is dissolved. The solution is now examined for arsenic 
by distillation of the arsenic after reduction, the distillate Is'ing titrated with 
standard iodine solution according to directions given lat<‘r. 

Arsenous Oxide. The sample may be dissolved in caustic soda, the solution 
neutralized with hyilrochloric acid, and the resulting sample tilraled with iodine. 

Fusion Method. One gram of the finely I'owdered mineral is fused in a 
nickel crucible with about 10 grams of a mixture of potassium carbonate and 
nitrate, 1:1,' and the melt extracted with hot water. Two hundred cc. of a 
saturated solution of SO., is added to the fdtrate to reduce the arsenic, the 
excess of SOj then exi'elled by boiling, the solution diluted with dilute sulphuric 
imdymd arsenic determined in the filtrate. 

\/Arsenic in Sulphuric Acid. Arsenous acid may be titrated directly with 
iodine in a 20- to 50-gram sample, which has bism diluted to 200 to 300 cc. 
with water and nearly neutralized with ammonium hydroxide and then an excess 
of .sodium acid carbonate added, followed by the iodiiai titration.* 

Arsenic Acid in Sulphuric Acid. Twenty-live cc. of the acid containing 
alsjut 0.1'-p arsenic or a larger volume in case the )s.-rcentage of arsenic is less 
than 0.1% AsjOj (the sp.gr. of the acid being known) are measunal out into a 
short-necked Kjeldahl fltisk. About half a gram of tartaric acid and 2 grams of 
fused, arsenic-free potassium bisulphate are added and the acid heated over 
a low flame until the liberated carbon is completely oxidized and the acid again 
Itecomes clear, e.g., a pale straw color. It is not advisable to heat to violent 
funung, as a loss of arsenic is then apt to occur. The cisiled acid is poured 
into about 3(X) cc. of water, the excess acid nearly neutralized with ammonia, 
bicarbonate of .soda added in excess and the arsenous acid titrated with standard 
iodine. Total arsenic as AsiOi minus arsenous arsenic as As .03 -= arsenic arsenic 
in terms of AsA)j. This result multiplied by l.ltilfi =AsiOi. 

Arsenic in Hydrochloric Acid. The arsenic in 20 to 100 cc. sample is 
reduced by ferrous chloride, the arsenic distilled according to directions given 
later, and the di.<tillate titrated with iixline. 

' 0 1% arsenic determined on a 20-gram sample. 

'.SOj should tic expelled by heat or by a current of air before treating with the 
alkali. 
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Arsenic in Organic Matter.* 0.2 to 0.5 gram of the sample finely powdered 
is oxidized by mixing with 10 to 15 grams of sodium carbonate and sodium 
peroxide, 1 : 1, in a nickel crucible, a iwrtion of the fusion mixture being spread 
over the charge. After ia^atitig gently for fifteen minutes, the fusion is com¬ 
pleted by heating to dull redness for five ininutcs longer. The contents of 
the crucible are rinsed into an Erlenmeycr flask after extraction with water, 
and the solution made a(dd with dilute sulphuric acid, 1:1. The mixture 
is boiled down to 1(K) re., I to 2 grams of potassium iodide added and the solu¬ 
tion further concentrated to about 40 cc. l(Kline is reduced with sulphurous 
acid or thiosulphate, the solution diluted with hot water and saturated with 
hydrogen sulphide. Arsenous sulphide is filtered off, washed, dLs.solved in 15 
to 20 cc. of half-nonnal sodium hydroxide and 30 cc. of hydrogen p<!roxide (30%) 
solution added, and the solution boiled. About 12 cc. of dilute sulphuric acid, 
1 :1, are luldcd, together with 1 to 2 grams of potassium iodide, the solution 
concentrated to 40 cc. anil free iodione reduced with thiosulphate as before. 
Arsenic is now titrated, with standard iodine, upon neutralization of the free acid 
with scxlium hydroxide and sodium acid carbonate. 

Lead Arsenate. Ten grtuns of the thoroughly niLxed paste or 5 grams of 
the powder are dissolved by treating with 25 cc. of 10% hot sodium hydrox¬ 
ide solution, and diluted to 2.50 cc. An aliiiuot part, 50 cc. (=2 grams paste 
and I gram powder) is placed in an iM-lenmeycr flask and 20 cc. of dilute 
sulphuric acid, 1 : 1, added, and the solution diluted to K50 cc. About 3 grams 
of solid potassium ioilido are added and the solution boilai down to about 
50 cc. (hut not to fumes). 1 he liiiuor will be colored yellow bv free iodine.' 
Tenth normal sodium thiosulphate is ailded drep by drop until the free iodine 
is neutralized (solution loses its yellow color), it is now diluted to about 250 
cc. and the free acid ncutr.dized by ammonium hydroxide (methyl orange 
indicator), then made slightly acid with dilute sulphuric acid, and an excess 
of bicarbonate of soda added. The arsenic is titrated with standard iodine. 

The ammic may be reduced by jjlacing the .50-cc. sample in a Kjeldahl 
flask, adding 2.5 cc. of strong snlphuric acid (I..SI sp.gr.), .J gram tartaric acid 
and 2 griuns acid irotiussinm snl|)hate, KIISO,, and digi-sting over a strong flame 
until the organic niattiT is destroyed and the solution is a pale yellow color. 
The (x)oled acid is dilutiHl and neutralizwl, etc., as directed above. 

Water-soluble Arsenic in Insecticides. Rapid Works Test. Two grams 
of the paste is digested with 1000 cc. of water at 00° ('. for five minutes, in 
a graduated lOOO-cc. flask. An aliiiuot portion is filtered and the arsenic 
determined by the (lutzeit mctlaal. 

Water-soluble arsenitc may be titrated directly with iodine in presence 
of sodium bicarbonate. 

Zinc Arsenite. About 5 grams of powder or 10 grams of paste are taken 
and dissolved in a warm solution containing 300 cc. of water and 25 cc. of 
strong hydrochloric acid. The cisiled solution is diluted to .5(K) cc. and 100-cc. 
portions taken for analysis. The acid is partly neutralized with ammonium 
hydroxide and 50 cc. of a saturated solution of ammonium oxalate added 
(to prevent irrecipitation of the zinc as ZnfO.), and an excess of sodium 
bicarlxmatc, NallCO,. Arsenic is now titrated with iodine as directed later. 

Soluble Arsenic in Zinc Arsenite. One gram sample is rubbed into an 

'Organic matter may be destroyed by heating the substance on addition of 10% 
ilioU« and solid (.NH 4 )tb| 0 |. ^ 
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•^mulsion with several portions of water until the whole is in suspension. The 
cloudy liquor is dilute to 1000 cc. and a portion filtered through a }-in. 
asliestos niat on a perforatecl plate, the a.sbestos being covered with a layer 
of filter paper. The first 50 ec. are rejected. One hundrecl ee. of the clear 
filtrate (= 0.1 gram) is treated with 10 oc. of stnmg sulphuric acid, 0.05 gram, 
Fe,0, (use ferric ammonium sulphate) and J cc. of 80'’;, stannous chloride solution 
and heated until colorless. Arsenic is now determined by tlic (lutzeit method, 
using the larger-sized apparatus. 

Arsenic Acid, Alkali Arsenates, etc. The sample is dissolved in 20 to 25 
cc. of dilute sulphuric acid, 1 : 1, in an ICrlenmeycr flask, ami reduced by 
addition of 3 to 5 grams of potassium iodide, the action lieing hastened by 
placing the mixture on a steam bath. The iodine liberated is exactly neutral¬ 
ized with thiosulphate and the arsenous acid titrated with iodine according to 
the procedure given later. 

Arsenic in Steel, Iron, Pig Iron, etc. One to .50 grains of steel, etc., may 
be treated according to the scheme for jiyriles. If a large sanqile is taken, 
it is ailvisable to treat it in a .500-cc. flask, connected with a second flask 
containing bromine, to guard against loss of arsenic by volatilization. When 
the snm|)le has dissolved it is taken to dryness (the bromine in the second flask 
lieing combined with it) and treati'd as directed in jiyrites. Arsenic chloride, 
.AsCh, is transferred to the distilling flask with strong hydrochloric acid, ami 
arsenic separated from the iron by volatilization of reduced chloride accord¬ 
ing to the procoiure given lielow. 

Arsenic in Copper. Arsenic is precipitated with iron by the basic acetate 
method, and thus fnicd from copper. Details of procedure are given under the 
determination of impurities in copper in the chapter on the subject. 

Notes. In the docompo.sition of the sample l.x)w recommends the addition of a 
little sodium sulphide to ores containing oxides. To priivent loss of arsenic during the 
tmatment pvith Jl^S he u.ses a flask with a two-hole rnblier .stopper through which 
passes an inlet tiilie reaching to the Ixitlom of the flask and an exit tulsi, tlie latter a 
thistle tube containing a little absorliunt cotton .soaked with dilute NaOH to retain 
any arsenic escaping from the fla.sk. 

Iron sulphate dissolves slowly, so that if much is present in the orr. time must Iw 
allowed for this to di.s.solve. 

A.S arsenous chloride is volatile, gn-at cam must he cxerci.sed in heating solutions 
containing HCl and arsenous .salts as a loss will occur. Ikp. 113.9®. 

rile ore may lie brought into solution by fusion with a mixture of sodium ear- 
tsmate, potassium nitrate and zinc oxide, 1:1:2. The firsion being made in a platinum 
dish. 1 he |«)ta.s.sium iodide procedure may be followed tor reduction of arsenic, (f^e 
l/cad .Arsenate.) 
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SEPARATIONS 

Isolation of Arsenic by Distillation as Arsenous Chloride' 

By tiim mettiod arsiniH! may bo sepamted from antimony, tin, and from 
other heavy metala. It is of sixs'ial value in the dircet determination of arsenic 
in iron ores, eopixir ores, and like products and has a wide application. The 
procedure dejamds upon the volatility of arsenous chloride at temperatures lower 
than the other heavy metals. In a current of IK’l Rus, arsenous chloride begins 
tf) volatilize Isdow 10iS° f'., and is actively volatile at 120° antimony 
starts to volatilize at 125° i'., but is not actively volatile until a tcmisirature 
of 180° has been r<aiehed. The boilinR-))oint of arsenous (chloride, AsC'h, 
is 130.2°; antimony trichloricUs SbCI,, is 223.5°; and that of stannous chloride, 
8 n(’U, is over ('>03°; other chhirides having still higher boiling-points. Tin in 
its higher form, Snt'U, is naulily volatile, boiling-point is 114° C., so that it is 
necessary to have it in its divalent form to effect a st^paration from arsenic. 
When heavy metals are presmit in the residue remaining from the arsenic dis¬ 
tillate, or when zinc chloride is added to raise the boiling-point, antimony 
may also be sci)aratc<l by distillation by carrying the solution to near dryness, 
adding coni^cntrated IKT by means of a separatory funnel, drop by drop, during 
further distillation of the concentrate. Amenic may be determined in the 
distillate (first imrtions) either gravinietrii’ally or volumetrically. 

Procedure. If arsenic is presmit as arsenic chloride, us priip.ared in the 
method for solution of iron ores, the sample may be transferred directly to 
the distillation (la.sk by means of concentrated, arsenic-free hydrochloric acid. 
If a preliminarj’ sepamtion of other metals has heen made and arsenic is 
present (along with antimony ami tin) as a sulphide, it is oxidized by addition 
of concentrated IKM and suflicient potassium chlorati! to cause solution and 
oxidation of free sulphur, and the chl<a-a(e decomposial by evaporation to 
dryness; or if prefcrriKl, by evaporation of the alkaline solution to dryness, 
oxidation with fuming nitric ami nM'vaiionvtion to dryness to expel the nitric 
acid. The residue is taken up with hydrochlorii' acid and waslied into the 
flask with strong hydrochloric acid as directed above. 

Distillation. The sample, in a half-liter distilling flask (Fig. 1, “5”) is 
made up to about 1.50 cc. with concentrated hydrochlorii; acid and about 
5 grams of cupnms chloride, t'Ujt 'h, are added. Tin? apiiaratus is connected up 
as shown in the illustration. Fig. 1. 'I'he end of the condenser dips into 400 
cc. of cold water in a large beaker (I liter) or flask (“4”). The solution is 
cooled by placing it in ice-water or cold ninning water. The sample is satu¬ 
rated with dry hydrogen chloride gas generattxl by dropping concentrated 
sulphuric acid into strong hydrochloric arid ("3”) and passing the gas througrt 

' .1. K. Stead's Method. H. C. lloark and C. C. McDonnell, Jour. Ind. Eng. Chem., 
Vin, 4, :{27 (1910). 
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sulphuric acid (sp.gr. 1.84) as shown in cut. When the point of saturation 
‘in reached the gas begins to bubble through the solution instead of being 
absorbed by it. When this occurs, heat is applied and the solution brought 
to boiling, the current of HCI gas being continued. At a temperature of 108 
to 110° C. the first 100 cc. will contain practically all of the arsenic. About 



Fm. 1 —Apparatus for the Distillation of Arsenous .Acid. 


two-thirds of the solution is distilled off. It is advisable tf) add more hydro¬ 
chloric acid to the residue in the flask, together with cuprous chloride, and repeat 
the distillation into a fresh lot of water. This may be done during the esti¬ 
mation of arsenic in the first distillate. 

Arsenic may be determined in the distillates either gravimctrically or voli»* 
metrically. The volumetric procedures for arsenic, in this isolated form, ara 
generally to be preferred, since they are both rapid and accurate. For amounts 
over 0.!i% arsenic, the iodine method is recommended, for smaller amounta 
(arsenic in crude copper), precipitation with silver nitrate and titration of tb« 
silver salt is best. Exceedingly small amounts arc best determined by tb« 
tiutzeit methcHl, page 46. 

In place of the large bottle shown, a smaller wash bottle may be used 
filled with concentrated hydrochloric acid, the bottle contains an inlet tube 
dipping to the bottom and an exit tube connected to the distillation flask 
containing the arsenic. The receiving flask is connected with an aspirator 
and air drawn through the system. HCI is swept into the distillation flask 
during the arsenic distillation, keeping the solution concentrated with HCI gas. 
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The inlet funnel is filled about half full with hydrochloric acW (sp.gr. 1.2). 
The outlet of the condenser tube is caused to dip just beneath the surface of 
100 cc. of distilled water, containiuR a lump of ice. The solution in the dis¬ 
tillation flask is heatial to boiliuR; concentrated hydrochloric acid is intro¬ 
duced throuRh the funnel drop l)y drop at the rate sufficient to replace the 
evaporation. All the arsenic usually distils over m halt an hour At this 
time the beaker holding the condensate is replaced by another with 100 cc. 



of water. And the ilistillatiou continued about 1.5 minutes. Test this dis¬ 
tillate to ascertain whether any .arsenic is present. The arsenous chloride 
thus obtained is titrated with standard iodine according to the procedure 
described on page 14. The free lU'l is first neutralized with a fixed alkali 
and then made faintly acid with llCl. Sodium bicarbonate is now added in 
excess and the titration with iodine made according to the customary pro¬ 
cedure. 

•Commercial hydrochloric acid invariably contains arsenic, so this must be 
purified by redistillation in presence of an oxidizing agent to oxidize the arsenic 
to the non-volatile arsenic jicntachloridc, Ast'h, form, (Fig. 5) or by treatment 
with lliS and filtration. A blank run should be made on the reagents used, 
especially when traces of arsenic are to be dcteniiined. 
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, Cuprous Chloride. This is used to reduce arsenic. At least 2 grams 
CuCl should be used per each gram of iron present. In the distillation, 
HCl gas (generated in a flask containing strong sulphuric acid by allowing 
liydrochloric acid to flow in through a tliistle tube, drop by drop) may be 
passed into the solution containing the arsenic, in place of adding strung 
hydrochloric acid. 

Hydrazine Distillation Method. Weigh a suitable amount of sample into 
a 27.') ce. Pyrcx sulphur flask. Treat with a small amount of HNOj (.5 10 cc.), 
and a pincli of pota.s.sium chlorate. Take to dryness. Add 3-.5 ce. HCl and 
take again to dryness. Add 20 ce. 1-1 llCl and boil several minutes. Filter, 
if ina<)lid)le is appreciable, into another flask, and wiush. Add 30 cc. HCl, 
J gm. NaBr and ^ gm. hydrazine sulphate, (NH.ljSOj. Set the flask on a 
small electric plate, and at the same time, insert in the flask a two-hole stopper, 
in one hole of which is a separatory funnel, and in the other a glass tid)e leading 
to an K-in. Allihn condenser, set vertically. The lower end of the condenser 
is immersed in cold water contained in a No. 3 beaker, which sits on a block 
of wood. Have the cock of the funnel oj)en. Have a good stream of cold 
water running through the jacket of the condenser. 

Distill until the volume in the flask has been reduced to 20 cc. Clo.se 
the cock of the funnel, add 20 ce. HCl, remove the block of wood from under¬ 
neath the beaker and hold the beaker in one hand. Holding the beaker at 
such a height that no litpiid may be sucked back into the flask, oi)en the funnel 
cock and let the acid run into the flask. Now, place the block under the 
beaker, and distill until licpiid in fl.ask is again reduced to 20 cc. 

Remove the flask from the |)late, and disconnect it from the condenser. 
Wash the condenser, allowing washings to run into the distillate. Remove 
the beaker from under the condenser. Add S-10 drops of methyl orange 
(1 gm. of salt per liter of water). Make the solution alkaline with NH4OH, 
then just acid with HCl. Cool. .\dd 10 gm. NallCOj and 10 cc. starch 
solution (10 gm. sobible starch boiled in a liter of water; cooled). 

Titrate with iodine solution, one cc. of which erpials about .00.') gm. AsjOj. 
Subtract a blank determination which amounts to .4 or I) cc. 



„ arsenic 

of Aroooio from Antimony and by ^plt«i„o 
as Sulphide in a Strong Hydrochloric Acid Solution 


Tills procediirfi for Isolation ol arsonic depends upon the insolubility of the 
sulphide of arsenic in stron/r hydrochloric acid, whereas that of antiwony dissolves. 
The sulphide of tin is also soluble. 

Procedure. The metals present in their lower conditions of oxidation are 
precipitated as suljihides in presence of dilute hydrochloric acid (5% solution) 
to free them from subsetiuent grou|>s (Ke, Al, On, etc.). The soluble members 
of the hydro({en .sulphide ({roup are now dissolved and sejiaratcd from copper, 
lead, etc., by caustic as follows: T’lic Rnuiter part of the washed precipitate is 
transferred to a small casserole, that remaininfr on the lilt-er paiier is dissolved 
off by adding to it a little hot dilute isilash .solution, catching the filtrate in the 
casserole. Alwmt 5 grams weight of solid isitassium hydnixide or sodium hydroxide 
is added to the precipitate. Arsenic, antimony, and tin sulphides dissolve. The 
solution is filtered if a residue remains, and the filter washed. This preliminary 
treatment is omitted if alkaline earths and alkalies arc the only contaminating 
elements present. 

The casserole containing the sample is covered and (ilaced on a steam bath. 
Chlorine is now conducteil into the warm solution for an hour, whereby the alkali 
is decomposed and antimony and arsenic oxidized to their higher state. Sufficient 
hydrochloric acid is added to deconi|H)sc the chlorate formed, and the uncovered 
solution eva|K)rated to half its volnine. An e(|ual volume of hydrochloric acid is 
added and the evaporation re|s’atcd, to cxix'l the last trace of chlorine. The acid 
solution is washed into an Mrlemneyer llask, cooled by ice to 0° C. anil two volumes 
of cooled, concentrated, hydrochloric acid added. lIjS gas is rapidly passes into 
this solution for an hour and a half. The flask is now stoppereit and placed in 
boiling water for an hour. T’he yellow arsenic sul|)hide, .AsjS,, is tiltereil through 
a weighed (iooch crucible, washed with hydrochloric acid, 2 : 1, until free from 
antimony, i.e., the washing U|x>n dilution remains clear. The residue is now 
washial with water, followed by alcohol, and may lie dried and weighed as AsiSi, 
or determined voUimetrically. Antimony and tin arc determined in the filtrate. 
McCay recommends washing AsjS, with alcohol, CS. and finally alcohol.' 

The sulphide may lie dissolved in concentrated sul|)huric acid by heating 
to sulphuric acid fumes and until the solution leconies clear. No arsenic is lost, 
provided the heating is not unduly (irolonged. Fifteen to twenty-five minutes 
is generally sutficient to dissolve the suliihide and ex|x'l .SO,, etc. The acid may 
be neutralized with ammonia or caustic, made again barely acid and then alkaline 
with bicarljonate of soda, and ar.scnous acid titrated with iodine.’ 

' TjC Roy VV. Met'sy, Chem. News, 66, 2I>2 (tS.S7). 

’ J. and II. S. I’attinson, Jour. Soc. t'hcm. Ind., 1S98, p. 211. 
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GRAVIMETRIC METHODS FOR DETERMINATION OF 
ARSENIC 

As in the case of antimony, the accuracy and rapidity of the volumetric 
methods for the dtdermination of arsenic make tliese Koncrally preferable to 
the more tedious gravimetric melluHls. Tlie following methods, however, are 
of value in certain analytical procedures. 

Determination of Arsenic as the Trisulphide, As2Sa 

Arsenic acid and arsenates should he reduced to the arsenous fonii before 
precipitation as the sulphide. The jirocedure is es|K’ciaily adaiited to the 
isolation of arsenic from other elements, when this sutistance is presc-nt in the 
solution in npprecial)l(! (luantities, advantage being taken of the e.xtreme dif¬ 
ficulty with which arsenous sulphide, AssS,, dissolves in hydroehloric acid 
solution. 

Procedure. The solution containing arsenic in tlie arseuious fonn is made 
strongly acid with hydrochloric acid and hydrogen sulphide jjassed into the 
cold solution to complete saturation. The hydrogen sulphide j)rca.surc generator 
is recommended for this treatment. Figs. 3 and 4. The pmcipitate is filtered 
into a weighed (looch crucible (previously dried at 10.')° C.), the compound 
dried at 105° ('. to constant weight and weighed as As,S,. 

Factors. AsjS, XO.fiOOl = grams As. 

As„S, X0.KO42 =grama As,Oj. 

Abi( )i X I. I (i 1 0 = grams ,'\s.,( >,. 

.As.( ),X 1.3134 ^grains H;,.\s0,.}11.0. 

AsjSaX 1.2000 = grams .\sjS,. 

Note. Arsenic may also be determined as arsenic sulphide by passing a rapid 
stream of Ib.'< into a cooled solution of arsenic acid lontaining at least two parts of 
concentrated hydrochloric acid for each part of water present in the solution. 

Determination of Arsenic as Magnesium Pyroarsenate 

The metlvKl worked out by I.evol depends uisui the i)rcci|)itation of arsenic 
as MgNHiAsI),'()H,(), when nmgnesia mixture is added to an ammoniacal 
.solution of the arsenate. Although 6 (X) parts of water dissolve 1 part of the salt, 
it is practically insoluble in a 2 J per cent ammonia sohition, 1 part of the anhydrous 
salt requiring 24,.5.58 parts of the ammonia water according to Virgili.' The 
compound loses 5J molecules of water at 102° C. and all of the water when 
strongly ignited, fonning in presence of oxygen the stable magnesium pyro¬ 
arsenate, MgAsjO), in which form arsenic is determined. 

Procedure. The solution containing the arsenic, in the form of arsenate, 
and having n volume not exceeding 100 ce. per 0.1 gram arsenic present, is treated 
with 6 cc. of concentrated hydrochloric acid, added, with constant stirring, 
drop by drop. Ten cc. of magnesia mixture are added (Reagent =55 grams 
Algtllj+rO grams NH4CI-|-().50 cc. 11,0 and made up to 1000 cc. with NH 4 OH, 
sp.gr. 0.9(1), for each 0.1 gram of arsenic present. Ammonia solution fsp.gr. 0.96) 
is ailded from a burette, with .stirring, until the mixture is neutralised (a red 
color imparted to the .solution in pipsencc of phcnolphthalein indicator), and 
' Average of three results. J. F. Virgili, Z. anal. Chem., 44, 504 (1905). 
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then ammonia added in excess equal to one-third the volume of the neutralized. 
solution. The precipitate is allowed to settle at least twelve hours and is then 
filtered into a weighed (jooch crucible and wa.shed with 2.5% anunonia until 
free from cMoride. After draining as completely as possible by suction the 


Stopcock 



Fio. 3.—Scott's Hydrogen Suli>hidc Generator. 

Fi«. ^ fihowti A oonveniont form of ii Konrrator for obtainins hydrogen Aulphidd fC&a under pres* 
•ur©. Th«‘ appuraliiM in Mu* writ it'a niodifiout ion of the Banka’ ffonerator nld by E and A. and is 
deaiKnf'U (or laritf quantil io.m of hydroRon mtlpliidf rjik. The cylitnfer A A’\a conatricted, aa shown, to 
support iMTiorated U*tul disk 0, upon whirh rests the iron stilphide. The lower end of the chiim* 
l»er IS dosed to entrh atnaU partieles of I'VH that mny be carried throuRh the perforations of the 
disk. Binall openinRH ndinit the add to A'. The level of the acid is below the disk 0, so that the 
sold only comes in contact with the sulphide when pressure is applied by means of the rubber bulb 
E, the stopcock »S* bciuR open and iS* closctl. The mercury rourc C is adjusted to blow out at a 
given pressure, to pn’vcnt accitlcnt, the bulb D preventing tire mercury from bcinR blown out of the 
apparatus. A siniill opening in/> allows the escape of the gas. When the apparatus is in opera¬ 
tion. il is connected to an empty heavy-walled bottle, which in turn is attached with glass tube 
ooiiupction to the pre.-wure flask in whien the precipitation of the sulphide is made, the flask being 
eU>sed to the outside air- By pressim* on the rubber bulb E. add is forced into the chamber A* 
(i^t the disk into the sulphide in A. The entire system will now bo under the pressure indicated by 
the gauRc V. The pressure is released by opening the stopcock .S* and the flask containing the pre¬ 
cipitate then disi'oiiiiecied The ri'servoir Is tlos'gned to hold about two liters of acid, and the 
cylinder containing the sulphide is of sufficient capacity to hold over one pound of FeS, so that the 
apparatus will deliver a large quantity of hydrogen sulphide. 

precipitate in dried at 1(K)° and then heated to a dull red heat (400 to .500° C.), 
preferably in an electric oven, until free of ammonia. The temperature is then 
raised to a l)right red heat (S(X) to !XX)° C.) for about ten minutes, the crucible 
then cooled in a desiccator and the residue weighed as MgAsiO,. 

Factors, Mg,As,O,X0.4827 =As, or XO.6373 =As,0,, or XO.7403 =As,0,, 
or X0.7925-As,S,. 
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. Notes. In place of an electric furnace the Gooch crucible nmy oe placed in 
t larger non-perforatcd crucible, the bottom of the Gooch being 2-3 mm. above the 
iajttom of the outer ciiicible. The product may now be heated in presence of a 
current of oxygen passed through a perforation in the covering lid of the Gooch, or 



Tho apparntuH flf'.Hiniictl by Urhasch irii'-iti. Zfit. ( IMIO) 34 , 10 |(», Th<* Aiutlyfit (11110) 38 , rirtfi), 
ill FiK. 2. Miabb'M u Gunsiaiit supply of kuh fiiid itn aaturiiioti atjiiooiitt toiluiUtn to b<* nliiainiHl. 
Tlif liotllo IV ia ohttrgrtl with hylnichlorif un»l iron .Hulplii'lf in pbiff.l in 111. Tlio liyttroKon 
Kulphicli* is ihrtHii'h thi* wiitcrinll until a Haturfilftl aolmion in tiltiHinoil. Whut ia placed 

111 I and II. If Kan in n-tiuired the lapn A and li arc opened ;tn<l M:S draw-ti from . 1 . ilytIroKeti 
ntilphidc water in ohiaiiicil by opi'iiiiiK the pinob cock C of the burette, tlie liquid drawn tiff lieiiiK 
niiimltaiieounlv repliieed from tlie vennol II. Tlio contuincr i» made of dark-oolored kIusu to iirtitcct 
the hyclrog'-n sulphide water from liKht. Water may be drawu iuto 11, whea required by opening 
the pmcb cock leudiiiB to the buttle 1. 


in |>lact.* of tho oxyi?cn, a thin luytT of iiowdorud NllgXOj may l>c plat’od on the 
arsenate residtic and the lieat gradnally apjilied until the outer crueihlo attains a 
light red glow. 
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VOLUMETRIC METHODS FOR THE DETERMINATION OF 

ARSENIC 

Oxidation of the Arsenous Acid with Standard Iodine ^ 

This procedure is applicable for the determination of arsenic in acids, after 
reduction of arsenic to its arsfuious form, for valuation of arsenic in the tri¬ 
oxide, for determination of arsenic isolated by distillation as arsenous chloride, 
for arsenic in arsenites and reduced arsenates in insecticides, etc. The method 
depends upon the reaction—AsgOj-|-2HsO+2Ij=AsjOi-t-4HI. The liberated 
hydriodic acid is neutralized by sexlium bicarbonate. The trace of excess 
iodine is detected by means of starch, a blue color being produced. 

Procedure. If the solution is acid, it is neutralized by sodium or potassium 
hydroxide or carbonate (phenolphllmli‘in indicator) then made slightly acid. If 
the solution is alkaline, it is made slightly acid. Two to 3 grams of sodium 
biearlxmate are addcsl together with starch indicator and the solution titrated 
with tenth normal iodiia' .solution, the iodine being added cautiously from a 
burette until a ijcrmanent blue color develoiis. 

One ec. N/10 iodine =0.0037,5 gram As, or 0.004948 gram AsjOj. 

AsjO,Xl.lfilO = As.A)6. As X 1.3201 =As.gOj or X 1.533(5 = AsjOs. 

AsjOjX 0.7575 = A.s. 


Potassium lodate Method for Determining Arsenic' 

The method is specially applicable to determining arsenic in insecticides. 
The reaction is represented as follows: 

AsjOg-I-KIO, + 2H (’1 = As.,Ob +T('1-b KCl-b HgO. 

Procedure. In determining total arsenic the sample is placed in a distilling 
bulb, connected to a condenser, strong hydrochloric acid added together with 
cuprous chloride, and arsenious chloride distilled over into an Krlenmeyer 
flask according to the standard procedure outlined on page 38. If arsenic is 
high, an aliquot portion of the distillate is taken and the titration made with 
standard iodate solution as stated later. 

' Geo. S. Jamison, J. I. E. C. 10, 290-292, 1918. 
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For determining areenious oxide in Paris Green or other arsenite 0.15 to 0.4 
*grams of the sample may be weighed directly into a glass-stoppered bottle 
(500 cc.) and the titration made. 

lodate Titration. 30 cc. of hydrochloric acid sp.gr. 1.19, 20 cc. of water 
and 6 cc. of chloroform arc added to the solid arsenite. If the arsenic is in 
solution, sufficient IKT should be present to have the acidity between 11 and 
20 per cent IK'l. (If this falls below 11% IK'l hydrolysis of the iodine mono- 
chloride will take place. If over 20% HCI the reaction proceeds very slowly.) 
Pota.ssium iodate solution is now added, rupiilly at first, shaking the contents 
of the bottle. When the iodine that has Is'cn liln'rated during the first part 
of the titration has largely disappeared from the solution, the stopper of the 
bottle is inserted and the contents thoroughly shaken. The titration is now 
conducted cautiously, shaking thoroughly with each adilition of the reagent. 
The titration is complete when after shaking and allowing to stand 5 minutes 
no color is observed in the chloroform. 

Reagent. Contains 3.244 g. of KIO 3 (dried at 140° C.) per 1000 cc. 

1 cc. = 0.003 g. AsiO,. 

Volumetric Determination of Arsenic by Precipitation as Silver 

Arsenate 

Bennett’s nuKlilication of Pearce’s luetluxl, combining Volhard’s, depends 
upon precipitation of arsenu!, from a solution neutralised with acetic, by addition 
of neutral silver nitrate solution; the silver arsenate is di.ss<jlvcd in nitric acid, 
and the silver titrated with standard thiocyanate. 

Procedure. 0.5 gram, or loss, of the finely powdered substance is fused 
with 3 to 5 grams of a mixture of .sodium carbonate and isitassium nitrate (1 : 1) 
about one-third la'ing u.sed on top of the charge. The cooled mitss is extracted 
with boiling water and filtered. The filtrate, containing the alkali arsenate, 
is strongly acidified with acetie acid, boiled to expel the carbon dioxide, 
then cooled and treated with sufficient sodium hydroxide solution to give an 
alkaline reaction to phenolphthalein indicator. The ])urple red color is now 
dis(4inrged from the solution by addition of acetic acid. A sliglit excess of 
neutral silver nitrate is vigorously stirred in and the ])recipitate allowed to settle 
in the dark. 'I’ho su|M(rnatant liquid is poured off through a filter and the 
precipitate washed by decantation with cold distilled water, then thrown on the 
filter and washed fria; of silver nitrate solution. The funnel is filhal with water 
and 20 cc. of strong nitric acid added. The dis.solved silver arsenate is caught 
in the original beaker in which the precipitation was made, the nisidue on the 
filter washed thoroughly with cold water and the filtrate and washings made 
up to 100 cc. The silver is now titrated by addition of standard ammonium 
or potassium thiocyanate, until a faint red color is evident, using ferric ammonium 
alum indicator, according to the procedure described for determination of silver. 
(See Chlorine and Silver Chapters.) 

One cc. N/10 thioi^yanate =0.010788 gram Ag. 

Factor. AgXO.2316 =As. 

Note. The silver arsenate salt is nearly six times the weight of arsenic, so 
that very small amounts of arsenic may be determiiicd by the procedure, hence 
it is not necessary to use over 0.5 gram of the material. For traces of arsenic the 
Gutreit method, following, should be used. 
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DETERMINATION OF SMALL AMOUNTS OF ARSENIC 
Modified Gutzeit Method 

The following procedure fornislies a rapid and accurate method for deter¬ 
mination of exceedingly small amounts of arsenic ranging from 0.001 milli¬ 
gram to 0.5 milligram AsiOi. It is more sensitive and less tedious than the 
Marsh test. The details, givim below with slight modifications, have been 
carefully worked out in the laboratories of the Cleneral Chemical Company • 
and have proved exceedingly valuable in estimating small amounts of arsenic 
in acids, ba.scs, salts, soluble arsenic in lead arsenate and zinc arsenitc and other 
insecticides, traces of arsenic in food products, baking powders, canned goods, etc. 

The method dci)cnds upon the evolution of arsine by the action of hydrogen 
on arsenic compounds under the catalytic action of zinc, the reaction taking 
place either in alkaline or acid solutions. The evolved arsine reacts with 
mercuric chloride, forming a colored com])ound. From the length and intensity 
of the color stain the amount of arsenic is estimated by comparison with 
standard stains. 

Although the acidity of the sample and the amount of zinc shot should Iks 
kept within certain limits, the results are not effected by slight vjiriation as was 
formerly thought. The physical characteristics of the zinc used rather than 
the surface expo.sed to acid action appears to have an effect on the evolution 
of arsine. The best results arc obtained with zinc having a finely crystalline 
structure. 

Iron pro.sent in tins solution tends to prevent evolution of stibinc, but has 
no apparent effect of arsine generation. 

Stannous chloride is essential to the complete evolution of arsine, hence 
this reagent is added to the solution in which .arseidc is <letermined. 

Antimony ijn'seut in the solution in amounts less than 0.0001 gram, does 
not interfere with th<^ (hd.t*rmination of ars^ude. If a greater amount of anti¬ 
mony is present a .separation of arsenic should be made by distillation. The 
following modification of the method giviui on page .IS is recommended. In 
place of the generator for IK'I shown in Fig. I, air saturated with HCl, by 
passing it through a gas wash bottle containing concentrated hydrochloric acid, 
is drawn through the boiling solution containing the sample in a saturated 
H( 1 solution, reduction of arsenic to arsenious chloride having been effected 
with cuprous chloride as prescribed. The air sweeps the arsine into the 
water in the receiving flasks (Fig. 1). It is advisable to have two flasks con- 
nectetl in series in jtlacc of one as shown. (Icntlc suction is njtplied at the 
receiving end of the train. The apparatus may be made in fairly compact 
form. 

Notb. The nlxivo metluxl was carefully investigated by R. M. Palmer and F. J. 
Seibert and found to be extremely accurate. 
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. Special Reagents. Standard Araenic Solution, One grain of resublimed 
areenous arid, AsjOj, is disaolvcil in 2.5 rc. of 20% WHlium hydroxide solution 
(arsenic-free) and neutralized with dilute sulphuric arid. This is diluted with 
fresli distilled water, to which 10 cc. of il.5% HyS 04 has been added, to a 
volume of KXX) cc. Ten cc. of this solution is again diluted to a liter with dis¬ 
tilled water containing acid. Finally KHl cc. of the latter solution is diluted 
to a liter with distilled water containing acid. One cc. of the final solution 
contains 0.(K)1 milligram As..Oj. 

Standard Stains. Two sets of stains arc made, one for the small apparatus 
for determining amounts of As..Os ranging fnim 0.(K)l to 0.02 millignun, and a 
second set for the larger-sized apparatus for (hdermining 0.02 to 0..5 milligram 
\s.Oj Stains made bv As.Oi in the following amounts are convenient for the 
.standard sets; e.g., sniall apparatus, O.tKil, 0.1H)2, 0.(X)4, 0.000, O.OI, 0.1,5, 0.02 
milligram As.,()a. I-arge aiiparatus, 0.02, 0.0.5, 0.1, 0.2, 0.,'i, O. t, 0.5 milligram 

As,0,. , 

In making the stain the reiiuisitc amount of standard reagent, AsjO., solution, 
is (ilaced in the (lutzeit bottle with the amounis of reagents prescribed for the 
regular tests and the run made exaidly as iirescribed in the regular procedure. 

Preservation of the Stains. 'I'lie strips of smisitized jiaiier with the arsenic 
stain are dipiied in molten iiarafline (free from wat(T), and mounUal on a sheet 
of white papiT, folded back to form a <\vlinder. The tube is placed in a 
glass test-tula? containing phosphorus pentoxide, which is then closed 
a stopper. It is im|)ortant to keep the stained .stri(t dr\-, otherwise the 
stain soon fades, hence the (laper on which the stri|)s are mounted anil the 
glass test-tube, etc., must be jairfectly drj-. It is advisable to keep the standard 
in a hydrometer case, while not in use, as light will gradually fade the color. 

Sensitized Mercuric Chloride {or Bromide) Paper. 20X 20 in. Sweilish I'ilter 
Paper N'o. 0 is cut into four eiiual squares. For use in the large flutzeit appa¬ 
ratus the paiier is dii)|a‘d into a 5,2.5% solution of mercuric chloride (mercuric 
bromide may lx- u.se.l in place of the chloride) or if it is to be u.sed in the small 
(lutzeit a|ii')aratus it is di|)ix‘d into a 0.,3.5% mercuric chloride solution. (The 
weaker the .solution, the longer and less intense will l>e the stain.) Iheiiajjer 
should lx? of uniform thickness, otherwise there will be an irregularity in length of 


' The accuracy of the method Is within 10% of the truth. 

Kvoliition of arsine by the electrolytic method, in place of the inethod outlinixl. 
proved to be unreliable. The evolution of arsine is effeetixl by the slightest variation 
in conditions so it is e.xtrcinely difhcull to obtain concordant results. 


In the Marsh test arsine is passeil through a glass tube constrictisl to capillarity, 
by application of heat the arsine is decomposed and metallic arsenic ilepositisl. 3’he 
tube IS heatixl just before the capillary l onstriction so that arsenic deposits in the drawn 
out tulx'. Comparison is made with standards, the length of the stain being governed 
by the amount of arsenic in the evolved gas. Slight variations in the size of the capillary 
tube and rate of evolution make a notable variation in length of stain. 
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stain for the same amounts of arsenic. (The thicker the pa|)er the shorter 
the stain. The pajx'r is Imng ip) and dried in the air, free from gM fum^, 
HiS Ixiing particularly uiaicsirabhc) Wlien dry, half an inch of the outer 
edge is trimmed off (since this is apt to contain more of the reagent), 
and tlie paper cut into strip-s. The paper with more concentrated reagent 
is cut into strips 13 cm. by o mm. and that with 0.5% mercuric chloride 
into strips 7 cm. by 4 mm. The paper is preserved in bottles with tight-fitting 



Fio. 5.—PuriRcalion of nydrochldiic Acid. 


stoppers. Standards should be made with each batch of jiaiier. Paper with 
a white deposit of ligt’b should not bn used. 

Ferric Ammonium Aium. biighty-four grams of the alum with 10 cc. of 
mixed acid is dissolved and maile up to a liter. Ten cc. of this solution con¬ 
tains approximately 0.5 gram FcA. ., . ■ 

Lead Acetate. One per cent solution with sufiicieut acetic acid to clear 

the solution. . m. . • . . j av r< o 

Zinc. Arsenic-free zinc shot, 3 to (i-m. mesh. The zinc is treated with L. P. 

hydrochloric acid, until the surface of the zinc Ih’coiucs clean and dull. It is 
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hjii washed, and kept, in a casserole, covered with disfjlW wider, a clock-glass 
iceping out the dust. 

Mixed Arid. One volume of arsenic-free HjSO, is dilutiHl with four vol- 
iiues of pure water and to this arc added H) grams of NaCl per each 100 cc. of 
uilutioti. 

Stannoue Chloride. Eighty grauus of stannous chloride dissolved in 100 cc. 
if water containing 5 cc. aracnic-frec hydrochloric acid (1.2 sp.gr.). 

Arsenic-free Hiidrochloric Acid. The commercial acid is treated with ]X)tas- 
uum chlorate to oxidize the arsenic to its higher form and the acid distilled, 
riie distilling apparatus may be arranged so that a constant distillation takes 
|)lacc, acid from a large container dropping slowly into a retort containing 
potassium chlorate, fresh hydriichloric acid being sup)>lied as rapidly as the 
icid distills. See Fig. .I on page 48. 

Lead Acetate Test Paper tor Removal of HiS. I.arge .sheets of qualitative 
filter paper are soaked in a dilute solution of lead acebite and dried. The paper 
is cut into strijis 7X5 cm. 

Wanks should be run on all reagents used for this work. The reagents are 
arsenic-free if no stiun is produi'cd on mercuric chloride paper after forty-five 
minutes' test. 

Special Apparatus. The illustration. Fig. (i (page ,52), shows the 
tiutzeit apparatus connected up, ready for the test. The dimensious on the 
left-hand side are for the small apparatus and those on the right for the large 
form. Itubber stopjiers connect the tubes to the liottle. The apparatus con¬ 
sists of a widc-moutli ‘2-oz. or 8-oz. bottle according to whether the small or 
large apparatus is desired, a glass tube (see Fig. li) containing dry lead acetate 
pa|xr and moist glass wool for removal of traces of hydrogen sulphide and a 
small-bore tube containing the strip of mercuric chloride paper. 


Preparation of the Sample 

The initial treatment of the sample is of vital importance to the (lutzeit 
.\lcthixl for determining traces of arsenic. The following procedures cover 
the more important materials or substances in which the chenu.st will be called 
upon to determine minute amounts of arsenic. 

Traces of Arsenic in Acids. The acid placed in the fiutzeit apparatus 
should be equivalent to 4.2 grams of sulphuric acid or 8.1 grams of hydrochloric 
acid and should contain 0.05 to 0.1 gram FctOj o<)uivalent. If large .samples 
are re(|uired for obtaining the test it is neces.sary cither to expel a portion of 
the acid in order to obtain the above acidity or to make standard stains under 
similar conditions of acidity. It must lie remembered that arsenous chloride 
is readily volatile, whereas the arsenic chloride is not, hence it is necessary to 
oxidize arsenic before attempting to expel acids. If nitric acid or bromine or 
cl dorine (chlorate) be added for this puriX)S 0 , it must be cxixillcd I lefore attempting 
the (iutzeit test. Nitric acid may be exixdled by adding sulphuric acid and 
taking to SOi fumes. Free chlorine, bromine, or iodine will volatilize on 
warming the solution. Chlorine in a chlorate is cxixilled by taking the sample 
to near dryness in presence of free acid. Sulphurous acid or hydrogen sul¬ 
phide, it present, should Ire expelled by boiling the solution, then making faintly 
pink with KMnO, and destroying the excess with a droi) or so of oxalic acid. 
SOj Is reduced by zinc and hydrogen to H 2 S, which forms black Hg.S with 
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mercuric chloride, hence removal of SOi and HjS are necessary before runnifig 
the test. 

Sulphuric Acid. With amounts of arsenic exceeding 0.00005% AsjOj, 5 to 
10 grams of acid, according U> its strength, are taken for analysis and diluted to 
15 or 20 cc. If HyS or HOj are present, exixil by boiling for fifteen or twenty 
minutes. Prolonged fuming of strong acid should be avoided by previously dilut¬ 
ing the acid with sulficient water. In mixed acid containing nitric acid the 
sample is taken to .SO, fiinas to expel nitric acid. The procedure given later for 
the regular dehirmination is now followed. 

For estimating very minute amounts of arsenic, 0.000005 to 0.00005% AsiOj, 
it is ncccs.sary to take a 2.5- to .50-grain sample for analysis. The acid is treated 
as directed alm’ofor removal of lIjS or SO, or nitric acid and diluted in the 
Outztnt apparatus to at least 150 cc., using th(! large apparatus. Upon the 
addition of iron and stannous chloride as directcKl in the proce<iure described on 
page 52 for large (lutzeit test. The stains are compared with standard stains 
produced by known amounts of arsenic add<!d to .50-gram jmrtions of arsenic- 
free Bul))huric acid of strength e(|ual to that of the sample. The stains are longer 
and leas intense than those i)r(>due<!(l by less acid. 

Hydrochloric Acid. 'I’wenty cc. is takmi for analysis (sp.gr. being known); 
the sample should contain an aidd (siuivalent of about 5.1 grams of hydrochloric 
acid, (’hlorine is exjadled by bubbling air through the acid before taking a 
sample. The proc(slure is givaui for further tnaitment of the sample fallowing 
the section on pix'paration of the .samph;. 

Nitric Acid. One hundrwl 4'c. of the a<'id (sp.gr. being known) is evap¬ 
orated with 5 cc. of comentrated sulphuric acid to SO, fumes, to expel nitric 
acid. Arsenic is determined in the r(!sidue by the standard procedure. 

Iron Ores, Pyrites, Burnt Pyrites, Cinders, etc. One gram of the finely 
ground ore is oxhlizcd by treating with 5 cc. of a mixture of 2 parts li(iuid 
bromine and 5 parts of carbon tetrachloride. After fifteen minutes, 10 cc. of 
concentrated nitric acid are added and the mixture tiken to dryne.ss. Five cc. 
of conc(uitrat(sl sulphuric acid (!)5';;) are added and the mixture taken to SO, 
fumes to expel the nitric acid. The cooled samijle is taken up with 50 cc. of 
water atul digested until all of the iron sulphate has dissolved; it is now washed 
into a 100-cc. flask, made to volume, ami arstude determined in an aliquot portion 
in the usual way, given later. Insoluble Fo,(),, bri()uette.s, etc., is best dis¬ 
solved by fusion with ])ottussium bisulphat<‘, KHSO,. The fused mass is dis- 
solvwl in wann dilute hydrochloric^ acid, and then washed into the Gutzeit 
bottle. 

Alumina Ores. Bauxite. One gram of bauxite is trcaited with one part 
of concentrated nitric acid and fi parts of concentrated hydrochloric acid, and 
taken to dryness on the water hath. The rc^sidue is taken up with an equiv¬ 
alent of 4.7 grams of hydrocdiloric acid or (1.5 grams of sulphuric acid in a 
volume of 25 cc. and the mix lu'utcal until the material has dissolved. The 
sample is diluted to e.xactly 1(X) cc. and arsenic determined on an aliquot 
portion. 

Phosphates, Phosphoric Acid. Arsenic, in phosphoric acid, combined or 
free, cannot be determined in the usual way, as P,(), has a retarding effect 
upon the evolution of arsine, so that the results are invariably low, and small 
amounts of arsenic escaping detection. Arsenic, however, nmy be volatilized from 
phosphates and phosphoric acid, as arsenous chloride, AsCl,, in a current of 
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lijdrogpn chloride by heating to boiling. One grtvm or more of the phosphate 
is placed in a small distilling flask, connected <lirectly to a fi-iii. coil condenser 
dipping into the (lutzeit bottle, containing 20 to 30 cc. of cold distilled water. 
.\ second bottle connected in series may Ijc attached for safeguarding loss (this 
seldom occurs). Fifty cc. of concentrated hydrochloric acid are added to the 
sample and .'> grams of cuprous chloride. .Vrsenic is distilled into the Gutzeit 
bottle by heating the solution to boiling and passing a current of air through 
strer.g hydrochloric acid into the distilling fla.sk by applying suction at the re¬ 
ceiving end of the system. All of the arscmic will be found in the first 10 or 15 
cc. of the distillate. Arsenic may now be evolved after addition of iron, stannous 
chloride and zinc, as directed in the procedure. 

SaltSi Sodium Chloride, Magnesium Sulphate, etc. One-gram samples 
arc taken and dissolved in a little water and an equivalent of (1.3 grams 
of sulphuric acid added. The solution of iron and stannons chloride having 
been added, the run is made with 5 ec. of zinc shot, placed in the Gutzeit 
bottle. 

Baking Powder, Other than Phosphate Baking Powder. A 10-gram 
sample is hc.ated with 10 cc. hydrochloric acid, 10 cc. of ferric ammonium alum 
and 30 cc. of distilled water, until the starch hydrolyzes. 0.5 cc. of .stannous 
chloride is added to the hot solution and the mi.vture washed into the Gutzeit 
apparatus. The required amount of zinc is added and the arsenic determined a.s 
n.sual. 

Phosphate Baking Powders. Ten grams of the material mixed to a paste 
with about .50 cc. of hydrochloric acid are transferred to a small distilling flask 
with a few cc. of IICI. A tube, connected to a bottle of strong hydrochloric 
acid, passes into the mixture in the flask through a ground glass stopiier. The 
flask is attached ton tube, which dips into water in a Gutzeit bottle. Two 
grams of ciqirous chloride are added, the apparatus naule. tight and the flask 
immersed in boiling hot water. By as))irating air through the system into the 
tJiitzcit bottle, which is water cooled, arscnii’ distills into the liottio iind may be 
determined by the procedure outlimsl. 

Arsenic in Organic Matter, Canned Goods, Meat, etc. The finely chopped, 
well-mixed sample is placed in a large flask and enough water added to pro- 
dui'C a fluid mass. An eipial quantity of conceufrated hydrochloric acid and 
I to 2 grams of jiotassium chlorate are added. The flask is shaken to mix the 
material and it is then placed on the steam bath. Uism becoming hot, nascent 
chlorine is evolved and vigorously attacks the organic matter. Half-gram 
portions of i«itassium chlorate are added at five-minute intervals, shaking the 
flask frequently. When the organic material has decomposed and the solution 
becomes a pale yellow color, the ma.ss is diluted with water and filtered. Arsenic 
will lie found in the filtrate. A white, amorphous substance generally remains 
on the filter, when cadaver is being examined. The filtrate is diluted to a 
given volume and an aliquot jiortion taken for analysis. This is evaporated to 
near dryness to expel excess of acid and decompose ehloratis. An equivalent 
of 4.7 grams c.f hydrochloric aciil is added (three times this amount for the 
large apparatus), the volume of the solution made to about 31) cc.. If) cc. of ferric 
ammonium alum and 0.5 cc. of stannous chloride added, and the solution poured 
into the Gutzeit apparatus for the test as given below. 
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Procedure for Making the Test 

For amountfi of arsenic, varyinR from 0.001 milligram to 0.02 milligram AsjO*, 
5 small apparatus is us«?d. The volume of the solution should be 50 cc. It 
■)uld contain an c<|uivalcnt of 4.2 to 0.3 grams sulphuric acid and should Imve 
alsjiit 0.1 gram eiiuivalent of FcjOi reduced by 0.5 
cc. of stannous chloride solution. Arsine is gen- 
eraUai by adding one 5-cc. crucible of arsenic-free 
zin<! shot, J to J-incIi mesh. Temperature 75 to 
80° F. 

For amounts ranging' from 0.02 to 0.5 milli¬ 
gram ;\sjOj,' the large apparatus is used. The 
volume of the solution should l)e about 200 cc. 
and should contain an equivalent of 18.5 grams 
of sulphuric acid and should have 0.1 gram equiva¬ 
lent of Fc!< >3, i-educed by 0.5 cc. stannous chloride 
solution. ;\rsiue is generatfxl by adding one 12-cc. 
crucible of zinc shot (,' to J-ineh mesh.) The tem- 
jsiralure sluaild be 105° F. 'I'lie sample taken 
should be of such size that a stain is obtained 
e(|uivalent to that given by 0.1 to 0.5 milligram 
As.,(),. 

Lead acetate iia|x!r is placwl in the lower por¬ 
tion of tula' H; th(( upix-r [sirtion of B contains 
glass wool moistened with lead acetate solution; 
th<! tills' .1 contains the test strip of mercuric 
chloride iiaix'r. See Fig. fi. Immediately upon 
adding the reipiired amount of zinc to the solution 
in the bottles, the connected tubes are put in 
positiiai, as shown in the illustration, and the 
bottle getitly shaken and allowed to statu! for one 
hour for the small apparatus, forty minutes for the 
®"”^!'dzcit Apparatus large. The test paper is removed, dipped in 
for Arsenic Detcrniiiialiiai. nioltcn paraffine and compared with the standard 
stains. See Plate I. 

Estimation of Per cent. 

The milligram AsjOj stain X100 

Weight of .sample taken ’ ’’ 

' It is advisable to use smaller samples when the arsenic content is over 0.3 milli- 
un AsiOi, as the longer stains are unreliable. 

Ferrous iron iirevents iKilarizntion iH'twecn zinc and the acid and hence aids in the 
jiution of arsine. 

In the analysis of baking iiowdcrs, bauxite, sodium or similar salts, the distillation 
ithod is rticummeudtHl. See pages 60 and 61, “ Phosphates,” and “ Phosphate baking 
wdcr.” 

Hydrochloric acid is used in place of sulphuric acid in casts where complete solu- 
n by the latter acid cannot lai etTix'ted. 

Stondanfa and samples should lie mn under similar conditions, temperature, 
dity, amount of zinc, volume of solution, etc. In plane of zinc shot, zinc rods, cubes 
discs may be used for generating arsine and hydrogen. 
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•METHOD FOR ANALYSIS OF COMMERCIAL “ARSENIC,** 
ARSENOUS OXIDE, AS2O3 

The following constituents may be commonly present as inq>uritiefl, SiOh 
SbA, Fe,0„ NiO, CoO, CaO, SO,, Cu, Pb, and Zn. 

Determination of Moisture 

Two 10-gram samples are dried to constant weight in the oven at 100* C- 
Loss in weight-moisture. 


Sulphuric Acid, H2SO4 

The samples from the moisture determination are dissolved in concentrated 
hydrochloric acid, heating to boiling if necessary, and the samples diluted to 
300 to 400 cc. Barium chloride solution is added in slight excess to the hot 
solution, the precipitate, BaSU,, allowed to settle and filtered and the sulphate 
dried and ignited as usual. 

BaSO4X0.343 =SO,. 

Determination of Arsenic as AsaOa 

Duplicate .5-gram samples are dissolved in 20 grams potassium carbonate 
in 60 cc. of hot writer, by boiling until solution is effected. The samples are 
made up to 1 liter and aliquots of 100 cc. (=0..5 gram) taken for analysis. The 
.solution is made faintly acid with hydrochloric acid, testing the solution witii 
litmus paper or by adding methyl orimge dinsdly to the solution. An excess 
of bicarbonate is added and the arsenic titrated with teutii-normal iodine 
according to the standard procedure for arsenic. One cc. N/10 I ••.004948 
gram AsjO,. 


Residue upon Sublimation of As20a. SiO^, Pb, Cu, FesOa, NiO, 

CoO, Zn 

Two 5-gram samples are weighed into tared porcelain crucibles and heated 
gently on sand baths with the sand banked carefully around the crucible so 
as to heat the entire receptacle. After the greater part of the arsenous oxide 
has volatilized, the crucible is ignited directly in the fiame to a dull red heat, 
until fumes are no longer given off. The residue is weighed as total non-sub- 
limable residue. 

Silica 

The rmduee are transferred to beakers and treated with aqua regia, taken 
to dryness, and the silica dehydrated at 110* C. for an hour or more. The 
residue is taken up vrith hot dilute hydrochloric acid, boiled, and the silica 
filtered off, ignited, and weighed. 

Lead and Copper 

The filtrate from the silica is “ gassed ” with H,S and the precipitate filtered 
off. The filtrate .is put aside for determination of iron, etc. The precipitate is 
dissolved in hot dilute nitric acid, 2 to 3 cc. of concentrated sulphuric acid added, 
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the solution taken to SOi fumes, the cooled concentrate diluted to 20 or 30 cc., 
and the lead sulphate filtered off, ignited, and weighed as PbSO<. 

The filtrate from the lead sulphate containing the copper is treated with 
aluminum powder and the copper thrown out of solution; the excess of alumi¬ 
num is dissolved with a few cc. of hydrochloric acid. The filtrate should be 
teste*! for copper with fliS and the precipitate added to the copper thrown 
out by the ahiininuni. The copper on the filter is dissolved in hot dilute nitric 
acid, the extract evaporated to 2 or 3 cc., the acid neutralized with ammonia 
and then made acid with a(^(!tic, potassium iodide added and the liberated iodine 
titrated with standard thiosulphate solution according to the regular scheme for 
copixir. 

Iron, Nickel, Cobalt, and Zinc 

The filtrate from the II 2 S Group is boiled to expel the IIjS and the iron 
oxidized by addition ()f nitric acid and boiling. The iron (and alumina) is 
prccipitateil with ammonium hydroxkle and tlio precipitate filtered off and 
washed st^vcral times with hot water. If alumina is suspected (light-colored 
precipitate) it may be determined by the difference metliod—ignition of the 
precipitate, weighing, and finally subtracting the iron found by titration with 
standard stannous cliloride solution. The iron is dissolved in hydrochloric acid 
and titrated hot with stannous chloride sc.lufion. 

The filtrate from the iron is boiled and a 1% alcoholic solution of dimethyl- 
glyoxime added to preciiiitatc tlie nickel. Tlie .salt is filtered on a tarod 
Gooch, the jirecipitatc dried at 100° C., and weighed. The weight of the 
BaltX0.2()32-Ni. 

The filtnite from the nickel is boiled until all the alcohol has been driven 
off and the cobalt precipitated by addition of sodium hydroxide in excess 
filtered, ignited, and weighed as CoO. 

The filtrate is made acid with hydrochloric acid, and then alkaline with 
ammonium hydroxide and colorless sodium .sulphide solution added to pre¬ 
cipitate tlie zinc. 'I’lio mixture is boiled five to ten minutes, the precipitated 
ZnS allowed to settle, filtered off, and washed once or twice and then di&solveil 
in hydrochloric acid and the zinc detiTmined by titration directly with potassium 
ferrocyanide, or by converting to the carbonate by addition of potassium car¬ 
bonate, filtered and washed free of alkali, tlie precipitate dissolved in a known 
amount of standard acid, and the excess aciil titrated with standard caustic 
(methyl orange indicator) according to the procedure given for zine. 
HiSO»XO.Ofi(i(5.') =«Zn. 

Antimony and Calcium Oxides 

Two 15-gram samples are treated with 300 cc. of concentrated hydrochloric 
acid, boiled <lown to 50 cc. to exiiel the arsenic as AsCl,, an ctpial amount 
of concentrated hydrochloric acid is added, and the last traces of arsenic pre¬ 
cipitated by lIjS piussed into the hot concentrated hydrochloric acid solution. 
The arsenous sulphide, AsjS,, is filtered off. Antimony is precipitated by dilut¬ 
ing the solution with an etpial volume of water, the solution liaving been concen¬ 
trated by boiling down to about 50 cc. The SbjSa is filtered off, washed several 
times with hot water, dis-solvcnl by washing through the filter with concentrated 
hydrochloric acid, and antimony detennined in the strong hydrochloric acid 
solution by the potassium bromate method—addition of methyl orange indicator 
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•and titration with standard potassium bromate added to the hot solution to the 
disappearance of the pink color of the indicator. 

The filtrate from the antimony is concentrated, made slightly alkaline with 
ammonium hydroxide, and gased with hydrogen sulphide to remove iron, nickel, 
cobalt, zinc, chromium, and last traces of lead, etc. The filtrate is then con¬ 
centrated and made acid with crj'.stals of oxalic acid, boiled and methyl orange 
added and then ammonia drop by drop slowly until the indicator change to 
an orange color. An excess of ammonium oxalate is now added and the beaker 
placed on the steam bath until the calcium oxalate has settled. The lime is 
now determined by filtering off the precipitate and washing, drying and igniting 
to CaO, or by titration with standard permanganate, according to the regular 
procedure for calcium. 

Arsenic in Iron and Steel. Ten grams of sample are placed in a distillation 
flask and di.ssolved in dilute HNO3, the solution evaporated to dryness and 
heated to exjjel oxides of nitrogen, 100 cc. of IK'l and 20 grams of CuCl are 
added and the arsciiious acid distilled and determined by the iodine method. 

Arsenic in Copper. Since arsenic impairs the electrical conductivity of 
copiwr, its determination is required. One gram of the sample is placed in a 
distillation flask with 10 ce. FeCU and 100 cc. HCl and .") grams KCl and the 
arsenious acid distilled and determined by titration with iodine. 
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Ba, at.wt. 137.37: sp.gr, 3.78; m.p. 83()° C.; volatile at 930° C.; oxides, 

BaO, BaO> 

DETECTION 

Barium is precipitated ns tlie enritonate together with strontium and cal¬ 
cium, by addition of ammonium hydroxide and anunoniiim carbonate to the 
filtrate of the ammonium sulphide group. It is separated from strontium 
and calcium by precipitation as yt'llovv lairium chromate, Ba(W) 4 , from a slightly 
acetic acid solution. 

Saturated solutions of calcium or strontium sulphates precipitate white 
barium sulpliate, BuS()4, from its chloride or nitrate or acetate solution, barium 
sulphate being the least soluble of the alkaline earth sulphates. 

Soluble chromates precipitate yellow barium chromate from its neutral 
or slightly acetic aciil solution, insoluble in water, moderately soluble in chromic 
acid, soluble in hydrochlori(! or nitric acid. 

ihuosiUcic acid, HiSiF,, jmu ipitates white, crystalline barium fluosilicate, 
BaSiKt, sparingly soluble in acetic acid, insoluble in alcohol. (The lluosilicates 
of calcium and strontium are solubh!.) 

Flame. Barium eompoumls color the flame yellowish green, which appears 
blue through green ghess. 

Spectrum. Three chararderislic green bands (a, y). 

Barium sulphate is precipitated l)y addition of a soluble sulphate to a solu¬ 
tion of a barium salt. The compound is extrenudy insoluble in water and 
in dilute acids (soluble in hot eouceiitrated sulphuric acid). The sulphate is 
readily distinguished from lend .sulphate! by the fact that the latter is soluble 
in ammonium salts, whereas barium sulphate is practically insoluble. 

ESTIMATION 

The determination of barium is re(iuired in the valuation of its ores, barite* 
heavy spar, BaS 04 ; witherite, BatX),; baryto calcite, BaCOjCaCOj. It is de¬ 
termined in certain white mixed paints and colored pigments, Venetian, Ham¬ 
burg or Dutch whites, chrome paints, etc. In analysis of Paris green, baryta 
insecticides, putty, asphalt, dressings and pavement surfacings. It may be 
found us an adulterant in foods, wood pre-si'rxuitives, filler in rubber, rope, 
fabrics. It is determined in .salts of barium. The nitrate is used in pyro- 
techny, in mixtures for gre<!n fire. 

Chapter contributed by Wilfred W. Scott 
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Preparation and Solution of the Sample 

Compounds of harium, with the exception of the sulphate, BaS04, are sol¬ 
uble in hydrochlori.c and nitric acids. The sulphate is soluble in hot concen¬ 
trated sulphuric acid, but is reprecipitated upon dilution of the solution. The 
sulphate is best fused wdth sodium carbonate, which transposes the compound 
to barium carbonate; so<liuni sulphate may now be leached out with water and 
the residue, Bat’Oa, then dksolved in hydrochloric acid. 

Solution of Ores. Sulphates. ()..5 to 1 gram of the finely divided ore is 
fused with 3 to 5 grams of .sodium and potassium carbonate mix, 2:1, or 
smlium carbonate alone, in a platinum di.sh. (Prolonged fusion is not nec¬ 
essary.) The melt Ls coolo<l and then extraeb'd with hot water to dissolve 
out the alkali sulphates. Barium carljonafc, together with the other insoluble 
carbonab’s, may now be dissolved l>y hot dilute hydrochloric acid. From this 
solution barium may bo precipitatctl by addition of sulphurii^ acid. If it is 
desired to separate barium along with strontium, calcium, and magne.sium, 
the members of the preceding groups are removed by lli.S in acid and in ammo- 
niacal solution, as directed under “.Separations.” 

Sulphides. 'I’lie ore is oxidized, ns dirccttsl for pyrites under the subject 
of sulphur. .4fter the removal of the .soluble sulphates, the residue, containing 
silica, barium, and small amounts of in.soluble oxides, Ls fused and dLs.solved 
according to the procedure for suli)hatcs. 

Carbonates. In absence of .suli)hutes the material may bo dis.sf)lved with 
hydrochloric aci<l, taken to dryia'ss to dehydrate silica and after heating for 
an hour in the steam osen (I10°±) the residue is extracted with dilute hydro¬ 
chloric acid and filtered. The filtrate is examined for barium according to 
one of the procedun'S given later. 

Salts Soluble in Water. Nitrates, chlorides, acetates, et<‘., are dissolved 
with water slightly .acidulabsl with hydrochloric acid. 

Material Containing Organic Matter. 'I’he substance is roasted to destroy 
organic matter before treatment with acids or by fusion with the alkali carbonates. 

The Insoluble Residue remaining from the acid treatment of an ore may 
contain barium sulphate in addition to silica, etc. The filter containing this 
residue Is burned and the a-sh weighed. Silica is now volatilized by addition 
of hydrofluoric acid with a few drops of sidphuric acid, and evaporation to 
dryness. If an insoluble substance still remains after taking up the remaining 
residue with dilute hydrochloric acid, bariunt sulphate is indicated. This is 
treated according to the nrcthod given for sulphates. 

Note. The insoluble substance remaining is frc<|ucntly ignited and weighed as 
barium sulphate without fusion with the carbonate. 
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SEPARATIONS 
The Alkaline Earths 

Preliminary Considerations. In the determination of barium, calcium^ 
and strontium, the following causes may lead to loss of the elements sought: 

а. PreseTice of Phosphates. Phosphoric acid, free ot combined, has a decided 
influence upon the detennination of the members of this group. Combined 
as phosphate it will cause the complete precipitation of barium, calcium, and 
strontium, along with iron, alumina, etc., upon making the solution alkaline 
for removal of the ammonium sulphide group. It is a conunon practice to 
hold up the iron+alumina by means of tartaric, citric, or other organic acids 
before making ammoniacal for precipitation of this ^up as oxalates, or again 
the basic acetate method is used for precipitation of iron nnd alumina; calcium, 
barium, and strontium going into solution. These procedures nuiy be satis¬ 
factory for the analysis of phosphate rock and similar products, but do not cope 
with the difficulty when large amounts of phosphates are present.. In samples 
containing free phosphoric acid, barium, calcium, and strontium, present in 
small amounts, may remain in solution in presence of sulphates or oxalates. 
Appreciable amounts of calcium, 1% or more, may escape detection by the 
tiBual method of precipitation by ammonium oxalate added to the alkaline 
solution, on account of this interference, so that the removal of phosphoric acid 
before precipitation of this group is frequently necessary. This may be ac¬ 
complished by addition of potassium carbonate in sufficient excess to combine 
completely with the phosphoric acid and form carbonates with the bases. The 
material taken to dryness is fused with additional potassium carbonate in an 
iron crucible, and the fusion leached with hot water—sodium phosphate dis¬ 
solves and the carbonates of the heavy metals remain insoluble. 

б. Another source of loss is the presence of sulphates, either in the original 
material or by intentional or accidental addition, in the latter case due to the 
oxidation of hydrogen sulphide, which has been passed into the solution during 
the removal of elements of the hydrogen sulphide and ammonium sulphide 
groups, barium and strontium sulphate being precipitated along with these 
members. A pota.ssium carbonate fusion will form KjSOi, which may be 
leached out with water. 

c. Loss may Im causcxl by occlusion of “barium, calcium, strontium, and mag¬ 
nesium by the gelatinous precipitates Fe(OH),, Al(OH) 3 , etc. A double precipita¬ 
tion of these compounds should be nmde if considerable amounts are present. 

d. A large excess of ammonium salts, which accumulate during the pre- 
liminaiy separations, will prevent precipitation of the alkaline earths. This 
can bo avoided by using the necessary care required for accurate work, the 
addition of reagents by means of burettes or according to definite measure¬ 
ments in graduates, etc. Careless addition of large amounts of ammonium 
hydroxide and hydrochloric acid should be guarded against. In case large 
amounts of ammonium chloride are present, time is frequently saved by a 
repetition of the separations. Ammonium chloride may be expelled by heating 
the material, taken to dryness in a large platinum dish, the ammonium salts 
being volatilixed. 

e. Carbon dioxide absorbed by ammonium hydroxide from the air will 
precipitate the alkaline earths with the ammonium sulphide group. 
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*, Direct Preci]iitKtlon on Oiiginnl Sunple. For the determination of 
barium, calcium, and strontium, it is advisable to take a fresh sample, rather 
than one that has been previously employed for the estimation of the hydrogen 
sulphide and ammonium sulphide groups, as is evident fnsn the statements 
made above. The alkaline earths are isolated by being converted to the insol¬ 
uble sulphates and separations effected as given later under Sulphate Meth^. 

Preliminary Tests. Much time may be savtid by making a preliminary 
test for barium, strontium, and calcium by means of the spectroscope and 
avoiding unnecessary separations. 

By means of the spectroscope with the use of the ordinary Bunsen 
flame exceedingly minute amounts of calcium, strontium and barium 
may be detected per cc. The test is very much more delicate by the arc spectra 
method.' The litjuid c«)ntaining the suiistance is connected to the positive 
pole and an iridium needle is connected by means of an adjustable resistance 
of 300 to 5(X) ohms to the negative pole. An l^.M.K. of 10() to 200 volts Md 
1 ampere current are reejuired. By the arc it is possible to detect 0.002 milli¬ 
gram of calcium, 0.(M)3 milligram of strontium, O.IXKi milligram of barium, 
0.1 milligram of magnesium per cc. In these concentrations, calcium shows 
one brilliant line (423 mm), a liright line (610 mm), aiul a faint line between them; 
strontium two bright lines (422 and 401 mm) end two fairly bright lines; barium 
two brilliant lines (4r).'5 and 493 mm), two other bright lines, and a fairly bright 
one; and magnesium a brilliant bund composed of thr(!e lines (516.8 to 618.4 
mm), as well as a fairly bright line further tow’urds the violet end of the spectrum 

The flame test may be of value in absemee of sodium; barium giving a green 
flame, strontium a brilliant scarlet, and calcium an orange red. 

Separation of the Alkaline Earths from Magnesium and the Alkalies. 
Two general procedures will cover conditions commonly met w’ith in analytical 
work: 

A. Oxalate Method. .Applicable in pre.scnce of comparatively large 
portions of calcium. The acid .solution containing not over 1 gram of the 
mixed oxides is brought to a volume of 3.50 cc. and for every 0.1 gram of mag¬ 
nesium prfjsent about 1 gram of ammonium chloriile is added, unless already 
present. Sufficient oxalic acid is added to completely precipitate the barium, 
calcium, and strontium.’ (I 1 jCj 04 - 2 H 20 = 126.04, Ba = 137.37, Ca >=40.07, 
Sr =87.63.) The solution is slowly neutralized by addition, drop by drop, of 
dilute ammonium hydroxide (1 : 10), methyl orange being used as indicator. 
About i gram of oxalic acid is now added in exce.ss, the solution again made 
alkaline with ammonium hydrojjdc, and allowed to settle for at least two hours. 
The precipitate is filtered off Imd washed with water containing 1 % ammonium 
oxalate, faintly alkaline with ammonia. 

The precipitate contains all the calcium and practically all of the banum 
and strontium. If Mg is present in amounts of 10 to 1.5 times that of the 
alkaline earths a double precipitation is necessary, to remove it completely from 
this group. The oxalates are dissolved in hydrochloric acid and reprecipi¬ 
tated with ammonium oxalate in alkaline solution. 

The filtrate contains magnesium and the alkalies. Traces of barium and 
strontium may be present. If the sample contains a comparatively large 
proportion of barium and strontium, the filtrate is evaporated to dryness, 
the ammonium salts expelled by gentle ignition of the residue, and the Ba and 

'E. H.Bieaenfeld and G. PfaUer, Ber., 4913, 4«, 3140-3144; Analyst, 1913, M, 684. 

’ Calcium and strontium will slowly (irecipitate in the oxahe acid solution. Ba 
oxalate will predpitate upon making the solution alkaline. 
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8r recovered as sulphates according to the method described below. Mag)-' 
nesium is precipitated as magnesium ammonium phosphate from the filtrate. 

} The oxalates of barium, calcium, and strontium are ignited to oxides, in which 
form they may be readily converted to chlorides by dissolving in hydrochloric 
acid, or to nitrates by nitric acid. 

B. Sulphate Method. Applicable in presence of comparatively large pro¬ 
portions of barium, strontium, or magnesium. The solution containing the 
alkaline earths, magnesium and the alkalies is evaporated to dryness and 
about 6 cc. concentrated sulphuric acid added, followed by 50 cn. of 95% 
alcohol. The sulphates ■ of barium, calcium, and strontium, arc allowed to 
settle, and then filtered onto an S. and S. No. 589 ashless filter pajHir and washed 
with alcohol until fn:c of magnesium sulphate. In presence of large amounts 
of magnesium ivs in ciuse of analyses of Epsom salts and other magnesium salts 
it will be necessary to extract the iirecipitate by adding a small amount of water, 
then sufficient 95% alcohol to make the solution contain .50% alcohol and 
Biter from the residue. Magnesium is dcterminisl in the filtrate. 

The residue containitig barium, calcium, and strontium as sulphate is 
fused with 10 parts of i)otaasium carbonate or sodium acid carbonate until the 
fusion becomes a clear molten mass, a d<s!p i)latinum crmdble being used for 
the fusion. A platinum wire is in.serted atid the mass allowed to solidify. The 
fusion may be removed by again heating until it begins to melt around the 
surface next to the crucible, when it may he lifted out on the wire. The mass 
is extracted with hot water and filU^red, NaiS ()4 going into the solution and 
the carbonates of barium, strontium, and calcium remaining insoluble. The 
carbonates should dissolve completely in hydrochloric acid or idtric aedd, other¬ 
wise the decoinpo-sitiou has not laen complete, and a second fusion of this 
insoluble residue will Iw necrasary. 

Separation of the Alkaline Earths from One Another. This separation 
may Ih) effoctetl by either of the following processes; 

1. Barium is seirarated in ne<;tic acid solution as a chromate from strontium 
and calcium; strontium is separated as a nitrate’ from calcium in ether-alcohol 
or amyl alcohol. 

2. The three tutrates are treate<l with etluT-alcohol in which barium and 
strontium nitrates are insoluble and calcium dissolves; the barium is now 
separated from strontium by ammonium chromate. 

Procedures. 1. (a) Separation of Barium from Strontium (and from 
Calcium). In presence of an excess of ammonium chromate, barium is pre¬ 
cipitated from solutions, slightly aidd with acetic nci<l, as barium chromate 
(appreciably soluble in free acetic acid), whereas strontium and calcium remain 
in solution. 

The mixed oxides or carbonates an; dissolved in the least amount of dilute 
hydrochloric acid and the excess of acid expelled by evaporation to near dryness. 
The residue is taken up in about IKK) cc. of water and 5 (i drops of acetic acid 
(sp.gr. 1.0()5) together with sufficient ammonium acetate (30% solution) to 
neutralize any free ndneral acid present. The solution is heated and an excess 
of ammonium chromate (10% neutral sol.) ’ added (10 cc. usually sufficient). 

‘Solubility of BaSO4=0.17 milligram, CaS 04 = 179 milligram, SrS 04 " 11.4 milli¬ 
grams per 100 cc. sol. cold. 

• Method of Stromayer and Rose. H. Rose, Pogg. Ann., 110, 29^ (1800). 

•The solution is prepared by adding NH4OH to a solution of (NH4)4Cr»Oj until 
yellow. The solution should be left acid rather than alkaline. 
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4’he precipitate of barium chromate is allowed to settle for an hour and filtered 
off on a small filter and washed with water containinK ammonium chromate 
until free of soluble strontium and calcium (test—addition of NH4OH anf 
(NHjIjCOi pnxiuces no cloudiness), and then with water until practically free of 
ammonium chromate (e.g., only slight reddish brown color with silver nitrate 
solution). 

To separate any occluded precipitate of strontium or calcium the filter 
paper is pierced and the precipitate rin.sed into a beaker with warm dilute nitric 
acid (sp.gr. 1.20) (2 cc. usually are sufficient). The solution is diluted to about 
200 cc. and Ijcjiled. About 5 oe. of ammonium acetate, or enough to neutralize 
the free HNOj, are added to the hot solution and then sufficient ammonium 
chromate to neutralize the free acetic acid, 10 cc. usually sufficient. The washing, 
us altove indicated, is repeated. Harium is completely preci|)itated and may 
be determined cither as a chromate or a sulphate or by a volumetric pro¬ 
cedure. .Strontium and calcium an; in the filtrates and may be separated as 
follows; 

(b) Separation of Strontium from Calcium. The method depemls upon 
the in.soluhility of strontium nitrate and the soluliility of c.alciutn nitrate in 
ami.xtureof ether-alcohol, 1:1. 

Solubility of Sr(N 03 )..= 1 part SrfXO.,), in 00,000 parts <if the mixture. 
Ca ea.sily soluble. 

If the solution is a filtrate from barium, 1 cc. of nitric .acid is added and 
the solutiim heaU'd and made alkaline with ammonium hydroxide followed 
imitiediately with ammonium carbonate, the c.arhonates of strontium (together 
with some Srt'rOi) and calcium will precipitate. 'I’he precipitate is dissolved 
in hydrochloric acid and rcprc-cipitate*! from a hot .solution with ammonium 
hydroxide and ammonium carbon.ate. 'I’he precipitate, SrCOs and CaCOj, 
is Wiished once with hot wat(!r and is then dissolved in the least amount of 
nitric acid, washed into a small casserole, evaporateil to dryness and heated 
for an hour at HI) to 1IH)° in an oven, or at 110° ('. over night. The dry 
mass is pulverized ami mixed with It) cc. of idher-alcohol (absolute alcohol, one 
part, ether-anhydrous, one i)art). Several extractions are thus made, the e.xtracts 
being decanted off into a flask. 'I'he residue is again dried in an oven at 140 
to 1(10° then pulverized and waslasl into the flask with the ether-alcohol 
rni.\ture and digested for sever.al hours with fixapamt shaking of the flask. The 
residue is washed onto a filter moistened with ether-alcohol mixture. Strontium 
nitrate, Srf.NOdj, rem.ains insoluble, and may be dissolved in water and de¬ 
termined graviim'trically as a sulphate, oxide, or carbonatt! or volumetrically. 
t'alcium is in the filtrate .and may be determined gravimetricallj'' as an oxide 
or volumetrically. 

Instead of using a mixture of ether-.alcohol, amyl alcohol may be used (hood), 
the ndxture being kept at boiling temperaturi! to dchydrab! tiic iilciihol to pre¬ 
vent .solution of strontium (h.p. = l.‘10° C'.). 

2. Separation of Barium and Strontium from Calcium.' 'I'he procedure 
depends upon the insolubility of b,arium nitrate, (BaXOjlj, atid strontium nitrate, 
.Sr(\(),)j, in a mixture of anhydroms ether and absolute alcohol or anhydrous 
amyl alcohol, whereas (’a(XO,)j dissolves. 

The mixed oxides or carbr)nate8 are dissolved in nitric acid and taken to 
drjncss in a beaker or Erlenmeyer flask, and heated for an hour or more in an 
'.See Fresenius, Z. anal, (’hem., 29, li;i-4:i0 (1890). 
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oven at 140 to 160* C. Upon cooling, the mixture is treated with ten timfs 
its weight of ether-alcohol mixture and digested, cold, in the covered beaker 
or corked flask for about two hours with frequent stirring. An equal volume 
of ether is now added and the digration continued for several hours longer. 
The residue is washed by decantation with ether and alcohol mixture until 
calcium is removed (test—no residue on platinum foil with drop of filtrate evap¬ 
orated to dryness). 

Separation of Barium from Strontium. The dry mixed chlorides are dis¬ 
solved in the least possible amount of water (0.2 cc., or more if necessary) the 
solution warmed, then cooled. More water is added if crystals appear. (The 
solution should be saturated.) A mixture of 4 ; 1 of HCl (33%) and ether 
is added dropwise with stirring. Sufficient reagent is added to precipitate 
BaCls and dissolve Srf'lj. The mixture is decanted on an asbestos filter and 
washed with the HCl-ether reagent. The BaCl 2 is drieil at 150° C. and 
weighed. (Method of Oooch and Soderinan.) 

Bariiun and strontium may be separated by precipitation of barium as a 
chromate, the nitrate residue being dissolved in water and barium precipitated 
according to directions given under Procedure No. 1. 

Amyl alcohol may be used in place of ether-alcohol by digesting the nitrates 
in a boiling solution (130° ().), calcium going into solution and barium and 
strontium remaining insoluble as nitrates. 

Separation of the Alkaline Earths from Molybdenum. The substance is 
fused with sodium carbonate and the fusion extracted with water and filtered. 
Molybdenum passes into the filtrate and the alkaline earths remain in the 
residue. 

Separation of Phosphoric Acid from the Alkaline Earths. Ammonium 
carbonate is added to the hydrochloric acid solution until a slight permanent 
turbidity is obtained, ami the solution just cleared with a few drops of IlCl. 
Ferric chloride is now ailded drop by drop until the solution above the yellowish 
white precipitate becomes brownish in color. The solution is diluted to about 
400 cc. and brought to boiling and then filtered and the residue washed with 
water containing ammonium acetate. The filtrate contains the alkaline 
earths, free from phosphoric acid. 
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QRAVIMETRIC METHODS FOR THE DETERMINATION OF 

BARIUM 

For reasoMS given under “Preliminary Considerations,” it is advisable to 
take a special sample for the determination of barium that luw not undergone 
treatment with hytlrogcn sulphide or ammonium hydroxide, since these may 
cause the loss of barium as stated. 

Barium in Insoluble Residue. In the complete analysis of ores the residue 
remaining insoluble in acids is comi)os<!d largely of silica, together with difficultly 
soluble substances, among which is barium sulphate. This residue is best fused in a 
platinum dish with sodium carbonate or a mixture of sodium and potassium car¬ 
bonates (long fusion is not necessary). The cooled mass is digested with hot water 
to remove the soluble sodium comimunds, silicate being included. Barium, to¬ 
gether with the heax'y metals, remains iiLsolulilc as carbonate and may he filtered 
off. The residue is now tn-ated with dilute ammonia water to remove the 
adhering sulphates (testing th<i filtrate with hydrocldoric acid and barium chlo- 
ritie solution; the washing bedng complett! when no white precii>itate of barium 
sulphate forms). The carbonates are washed off the filter into a 500-cc. beaker, 
the clinging carbonate being dissolved by pouring a few cc. of dilute, 1 : 1, hydro¬ 
chloric acid on the pajjcr placed in the funnel. This extract is added to the pre¬ 
cipitate in the beaker and the latter covered to pn!vent lo.ss by spattering. 
Additional hydrochloric acid is cautiously added so that the precipitivte com¬ 
pletely dissolves and the solution contains about 10 cc. of free hydrochloric 
arid (sp.gr. 1.2). Barium is precipitated from this solution best as a sulphate 
according to directions given later. 

Silicates. One griuu of the finely pulverized sample is treateil with 10 
cc. of dilute sulphuric acid, 1 : 4, atui 5 cc. of strong hydrofluoric acid. The 
mixture, evai)orated to small bulk on the steam bath. Is taken to SOj fumes 
on the hot plate. Additional sulphuric acid and hydrofluoric acid are used if 
rec|uirod. By this treatment the silica is expelled and barium, together with 
other insoluble sulphates, will remain uimn the filter when the nwdue is treated 
with water and filtered. I.oad sulphate, if prc'sent, may be removed by washing 
the residue with a solution of anunonium acetate. Barium sulphate may be 
purified by fusion with potassium carbonate as above directed or by dissolving 
in hot concentrated sulphuric acid, and precipitating again as Ba.S ()4 by dilution. 

Ores may be decomposed by either of the above methods or a combination 
of the two. Sulphide ores require roasting to oxidize the sulphide to sulphate. 

Barium Sulphate is decomposed by fusion with .sodium and potassium 
carbonates. The fusion is leached with water to remove the soluble sulphate 
and the residue, BaCOs, is dissolved in IICl. Barium is determined in this 
solution. 
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Determination of Barium as a Chromate 

A preliminary spectroscopic test lias indicated whether a separation from 
calcium and strontium is necessary. If these are present, barium is separated 
along with strontium from calcium us tlie nitrate in pre.sence of alcohol-ether 
mixture, according to directions given under “Separations.” Barium is now 
precipitated as the chromate, BaCKIi, from a neutral or slightly acetic acid 
solution, strontium remaining in solution. 

Precipitation of Barium Chromate. If barium is present in the form 
of nitrate, together with .strontium, the mixed nitrates are evaporated to dryness 
and then taken up with water. About 10 cc. ammonium acetate (300 grams 
NH^CiHjOj neutralized with NfljOH-f-IljO to make up to 1000 cc.) added 
and the solution heated to boiling. I'ive cc. of 20% ammonium bichromate 
are added drop by drop with constant stirring and the precipitate allowed to 
settle until cold. The solution is decanted oil from the precipitate through 
a filter and washed by decantation with dilute (0.!>%) solution of ammonium 
acetate, until the excess chromate is removed, us indicated by the filtrate passing 
through uncolored. If much strontium was originally present, a double pre¬ 
cipitation is necessary, otherwise the precipitate may be filtered directly into 
a Gooch crucible and dried, (120° tl.) to constant weight. 

Purification from Strontium. The precipitate is dissolved from the filter 
by running through dilute (1 : !>) warm nitric acid, poured upon the chromate, 
catching the solution in the beaker in which the precipitation was made; the 
least amount of acid ne<ais.sary to accomplish this being used and the filter 
washeil with a little warm water. Ammonium hydroxide is now added to the 
solution, cautiou.sly, until a slight permanent precipitate forms and then 10 cc. 
of ammonium acetate solution added with constant stirring and the mixture 
heated to boiling. The precipitate is allowed to settle until the solution is cold 
and then filtered and washed by decantation as before, a Gooch crucible being 
used to catch the precipitate. 

Ignition. The precipitate is washed with dilute alcohol once, then dried at 
110° C. The Gooch containing the BaCrOj is gently heated in a larger cru¬ 
cible (allowing an encircling air space around the Gooch) until the color of the 
chromate becomes uniform, 

BaGrO.XO.CO.’)! =BaO. Ha('rO.X 0.5420 = Ba. 

Notks. The use of stHlium hydrate or acetate in place of the amrnonium 
hydroxide and acetate is sometimes rccoinmeuded, owing to the slight solubility of 
BaCrO* in ammonium salts, as seen by the following table, apiiroximate figures being 
given: 

100,000 parts of cold water dissolvra 0.3S parts BaCrOr 

100,0(X) parts of hot water dissolves 4.35 parts BaCrOr 

100,000 of 0.5% solution of N IBCl dissolves 4.35 parts BaCrOi 

100,000 of 0.5';> solution of NTl«NOs dissolves 2.22 parts BaCrO, 

100,000 of O.75'o solution of dissolves 2.00 parts BaCrOi 

100,OtX) of 1.5‘!;, srrlution of NHAMbOj dissolves 4.12 parts BaCrOr 
100,000 of 1% acetic acid dissolves 20.73 parts BaCrOr 
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Allhough the nolvcnt action of anituouiuiu salts is practically negligible under 
conditions of analysis given above, the solvent action of free acetic^ acid is of importance, 
so that it is necrasary to neutrali/.e or eliminate free mineral acids before addition 
of the acetate salt. 

The e<lges of the Haf’rOi pteci|)itate upon drying may ai)pear green, owing to 
the action of alcohol; upon ignition, howcvei, the yellow chromate is obtained. The 
color orange yellow, when hot, fades to a light canary yellow upon cooling. 

Bat'rt)«, moi.ui., s/igr., 4.4!t.S“°; KKl cc. Iljt) .sol. cold will dissolve 

O.OOOtiK'*” gram, hot dissolves 0.(M)4;( gram; soluble in llt'l, HNt),, yellow rhombic 
plates. 

Determination of Barium as Barium Carbonate. The solution free from 
previous groups and from calcium and strontium is made ammoniacal; after 
addition of ammonium cliloride if not alretidy present for the purpose of pre¬ 
venting precipitation of ntagnesiiim. Ammonium carbonate is now added in 
slight e.xce.ss .and the jmecipit.ated liaCO.i allowed to .settle on the water bath 
or in a warm place for an hour or prefenibly longer. The ju'ccipitate is filtered 
and washed with dilute dried and ignited and weighed as HaCTij. 

'Pile method proposed by I'resenius, is considered by some to be more accurate 
than the sulphate method. 

UaCl) 3 XO.('.,SO=l$a. 
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Determination of Barium by Precipitation as Sulphate, BaS 04 

Tills method dejicnds upon tlie insoluliility of barium sulphate in water 
and in very dilute hydrochloric acid or sulphuric acid, one gram of the salt 
requiring about 344,000 cc. of hot water to ciTcct solution. 

Reaction, Ha('l,+H,S(), = liaKO,4-2HCl. 

BaSO,, 23.3,44; sp.ffr., 4.47 and 4.33; m.p., 1380° {amorphous decom¬ 

poses) ; !W dissolves 0.000172"° gram and 0.0003«° per lOfl cc. 3% HCldissofres 
0.0036 gram. Soluble in cone. IljSO,. IVhitc, rhomtac and amorphous forms. 

Procedure. The slightly hydrochloric acid solution of barium chloride, 
prepared according to directions given, is heated to boiling (volume about 200- 
300 cc.) and a slight excess of dilute hot sulphuric acid added. The precipitate 
is wttled on the water bath and the clear solution then decanted through a 
weighed Gooch crucible or through an ashless filter paper (.S. and S. .590 quality). 
The precipitate is transferred to the Gooch (or paisir), and washed twice with 
very dilute sulphuric acid solution II.,SO.), and finallv with hot water 

until free of acid. The precipitate is dried and ignited, at first gently and then 
over a good flame to a cherry red beat, for half an hour. The residue is weighed 
as barium sulphate, HaSO,. 


Hn.‘t(),X0..5S.S4=Ha, or XO.iWIifl-.lUO, or XO.S 1.5.5 = IMX),. 

Noras. The determination of barium is ihe reciprocal of the delerminalion of 
sulphur or su pliurie acid. I’rwaiitions and directions given for the sulphur pr^ 
cmitntion apidy here also, with the exception that dilute sulphuric acid is usei M 
the precipitating reapuit m place of baiiuni chloride. 

The author found that precipitation of barium sulphate in a large volume of cold 
solution containing 10 cc. of concenirated hydrochloric acid per IWK) cc of solution 
by aildmg a slight excess o cold dilute sntphnric acid in a' line stream, exacirin 
the nianner that barium chloride solnlion is aildcd in the preeiiiilation of siilohur 
and allowing the pnaupitate to nettle, at Kami temperaliire; for sincral hours uref- 
erably over night), gives a j.recipitato that is pure and dis s not jiass through the 
Gowh asbestos mat. tVe refer to the Aapter on Sulphur for directions for liltoriug 
washmg, and ignition of the residue, 


ITio^ addition of hydrochloric acid caii.ses rapid .settling of the barium siilphiite. 
F. A. Gooch hiLs showrn that the prei'ipitation slioiild be eondiictcd at temisTaturcs 
over 75° C., preferably at 90° C. " Methods in Chemicid Analysis,” 1912, page 168. 
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VOLUMETRIC METHODS FOR THE DETERMINATION OF 
. BARIUM 

Titration of the Barium Salt with Dichromate 

This method is of value for an approximation of the amount of barium 
present in a solution that may also contain calcium, strontium, and magnesium 
ur the alkalies. It deptmds upon the reaction 

2BarU+K5Cr,(),+n,0 = 2BaCr04+2KCH-2HCl. 

X/IO KjCriOi (precipitation purposes) contains 7.355 grams pure salt per 
liter. 

Procedure. The solution containing the barium is treated with ammonia 
until it just smells of it. (If an excess of ammonia is present the solution is made 
faintly acid with acetic acid.) It is then heated to ahoiit 70° C. and the 
standard dichromate a<lded, with stirring until all tlie barium is precipitated 
and 'the clear supernatant solution is a faint yellow color from the slight 
excess of the reagent. For accurate work it is advisable to titrate the pre¬ 
cipitate formeil by one of the methods given below. One cc. KjCrjOr =0.(X)087 
gram Ba. (Xote reaction given above.) 

Note. ;\n excess of potassium dichromate maybe added, the precipitate filtered 
olT, waslied and the excess of dicliromatc detennined as stated below. 

Reduction of the Chromate with Ferrous Salt and Titration with 

Permanganate 

Fitrrous sulpluite reacts witli barium chromate ns fttlUtws; 

2Barr0,+r.FeS(b-)-.Sll,SO,=3Fe.(S0dj+('r!(S(),),-{-2BaS(),+8H,0. 

.An excess of fttrrous salt solution is tulded and the excess detennined by 
titration witli X/IO KMn()4 solution. Fe = {Bti. 

Reagents. N/IO solution of KMn04. N/U) FeS()4 (27.81 grams jjer liter) 
or Fe.S04' (XIl4)jS04 (3!).22(i grams liter). t)ii(? ec. •=0.004579 Ba. 

Procedure. 'I'he well-wash(!d precipitate of barium chromate is dissolved 
in an excess of standard X/IO ferrous iimmonium sulphate solution containing 
free suli)liuric acid. The oxenss ferrous salt is titrated with standard N/IO 
potassium ijermanganato, solution. 

(Cc. X’/IO ferrous .solution minus ec. jwrmanganate titration) multiplied by 
0.004570 gives grams barium in the solution. Iron factor to barium is 0.8187. 

Potassium Iodide Method 

The procedure depends upon tlic reactions; 

1. 2BaCr04+6KI-bKilK'l =2BaCh-i-2CK;i,-|-GKCH-8H»0+6I. 

2. dL-l-OXaAO. =6XaI-f-3Na,S40.. 

Procedure. The precipitate, BaCr04, is dLssolved in .50 to KX) ec. of 
dilute hydrochloric acid and about 2 grams of solid potassium iodide salt added 
and allowed to react about ten minutes. The liberated iodine is now titrated 
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with N/10 thiosulphate. Near the end of the titration starch solution is added 
and followed by N/IO thiosulphate until the color disappears. 

One ce. N/IO NaAOa =0.004579 gram Ba. 


Titration of Barium Carbonate with Standard Acid 

To the well-washed bariinn earl)onate, BaCOj, an excess N/10 HjS 04 is added 
and the excess acid dcterinined. 

One re. N/10 acid =0.(K)0.S7 gram Ba. 


ANALYSIS OF BARYTES AND WITHERITE 

Barytes or h(!avy spar is a variety of native barium sulphate, and witherite 
a native barium carbonate. Tliese minerals are typical examples of barium¬ 
bearing ores. Tilt! analysis may involve the determination of barium and 
ealeium sulphates or carbonativs, magnesia, iron and aluminum oxides and 
moisture. 'I’raees of leml, eop])cr, and zinc may be present, as well as sulphide, 
sulphur and fluorine in fluorspar. The following is an approximate composition 
of a high-graile sample: 

Ba.SO,=9fi%, ('a('0. = l..5';;, Mg00,=0.:)%, SiO,=0..5%, AWh=0.5%, 
]'V,(),,=0.2%, 11,0=0.5%. 

For cf)mpl(>i.‘' analysis treat as directed under jneparation of the sample. 


Procedure for Commercial Valuation of the Ore 
Total BaO as Barium Sulphate 

One gram of tlu' finely pulverized sample is weigho<l into a platinum crucible 
(95 cc. capacity), mixe<l with S grams of sodium carbonate, fused for twenty 
minutes over a Bunsen burner and twenty minutes over a Mtiker burner or 
blast lamp. The fusion is leached out with 2tM) cc. hot water in a 2.50 cc. 
l)eaker, the barium carbonate (iltercd off, washed thoroughly with hot dilute 
sodium carbonate solution (2 grams per liter) until no test for .sulphate is 
obtained. The barium carbonate is dissolved from the paper with hot dilute 
hydrochloric acid, catchii\g solution in a 000 cc. beaker and the paper thor¬ 
oughly washed. The sedution is neutralized with ammonium hydroxide, made 
slightly acid with hydrochloric aciil (1-1..5 cc.), heated to boiling and the 
barium preeipitated with liot ammoidum sulphate solution (90 grams per 
liter). After standing on a .steam idate for four hours, the barium sulphate 
is lilten'd off on a weiglusl platinum gooch crucible, ignited for 35 minutes and 
weighed. 

The filtrate cotitaining the SO, and washings from the barium carbonate 
is acidified with hydrochloric acid, 1-1.5 cc. excess heated to boiling, the 
sulphates i)recipitated with hot 10'’,', barium chloriile solution and proceeding 
ns above. 

' tOandard .Metho<l of New Jersey Zinc Company. 
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Silica 

One gram of the finely pulverized sample is weighed into a platinum crucible 
ind fused with sodium carbonate as under Total BaO as Barium Sulphate. 

melt is detached from the crucible, placed together with the crucible and 
cover in a 150 cc. platinum dish and covered with hot water. licaching is 
carried on until disintegration of the fusion is complete. The residue, com¬ 
posed of mixed carbonates, silicates, etc., is filtere<l off, catching filtrate in a 
400 cc. beaker, anil washed thoroughly with hot water containing sodium 
carbonate. The residue on the paper is dissolved with hot dilute hydrochloric 
acid, catching in a .separate 400 cc. beaker, and the paper thoroughly washed. 
This pajier containing a portion of the silica is placed in a platinum crucible 
and retained. 

The first filtrate, from the barium carbonate, is acidified and evaporated 
to dryness to dehydrate the silica. The .second solution, containing the barium 
in solution as chloride is also evaporated to dryness. After dehydrating, the 
residues in l«)th beakers are taken up with hydrochloric acid and filtered, 
'they may be filtered through the same paper, washing the paper thoroughly 
before pa.ssing the second solution. Following the passage of the second 
solution, the paper is thoroughly washed, added to the original paper in the 
crucible, ignited and weighed. The contents of the crucible are treated with 
hydrofluoric and sul|)huric acids, evaporated to dryness, ignited and weighed. 
The difference in weight is amount of silica present. 

Iron and Alumina 

The two filtrates from the silica ilctermination are nearly neutralized with 
ammonium hydroxide (acidity 1 cc. hydrochloric acid), and combined. Am¬ 
monium sulphate solution is addeil to assure complete precipitation of all the 
barium, the beaker placed on a steam plate for two hours. The barium 
sulphate is then filtered olT. The iron and alumina in the filtrate are pre¬ 
cipitated with ammonium hydroxide, the precipitate filtered off, washed, 
ignited in a platinum crucible and weighed. 

Lime 

The filtrate from the precipitated iron and alumina is acidified slightly 
with hydrochloric acid, boileil down to a volume of less than 100 cc. and 
filtered if necessary. The solution is now made ammoniacal, heated to boiling, 
and 10 cc. of ammonium oxalate solution addcil. After .standing for two 
hours in a warm place the precipifiite of calcium oxalate is filtered off, washed 
with hot water, ignited and weighed. 

Magnesia 

The filtrate from the lime determijiation is boiled down to about 200 cc., 
slightly acidified, and 15 cc. of microcosmic salts (Saturated Solution) added. 
Ammonium hydroxide is added with 40 cc. in excess and the iirocijiitate allowed 
to settle over night. The iirccipitate is then filtcreil off, dissolved with hydro¬ 
chloric acid (1 part concentrated acid to four parts of water), diluted to 100 cc., 
10 cc. of microcosmic salt solution added, followed by ammonium hydroxide 
with 40 cc. excess and allowed to stand over night. The precipitate of mag¬ 
nesium ammonium phosphate is filtered off, washed, carefully ignited and 
weighed. 
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Blanc Fixe 

This sulphate of barium is generally marketed as paste and less commonly in the 
dry form. Both pulp and dry forms should contain not less than 97.6% ElaSOi on the 
thry basis. The pulp (paste) should not contain over 30% HiO. Blanc Fixe is used in 
photograph}', in coating paper and in paint. 

Quaktative Tests. Suitability for photographic purposes. Spread a sample on a 
glass plate and apply a drop of 10% AgNOj solution. Set aside in a dark closet. No 
dark brown or black stain should be evident in five minutes. 

Alum^ and Iron. Heat a small portion with HNOj, dilute and filter. Test the 
filtrate with NH«OH. A gelatinous colorless precipitate = Al(OH)i, a red precipitate 
= Fc(OH)j and possibly AI(OII), with the Iron. 

Lead. Extract a small portion with ammonium acetate and test the extract with 
KjCrzOi. A yellow precipitate indicates PbCrOi, showing the presence of PbSOi. 

silica. Test about 0.5 g. with 10 ec. cone. HrSO#, complete solution shows the 
absence of SiOj. 

Organic Matter. Coloration of the acid in the silica test indicates the presence of 
organic matter. 

Carbonates. Addition of acid will cause effervescence in presence of Civrbonate. 

Phosphates. Extract a small portion with HNt), and test the extract with am¬ 
monium molybdate for phosphate. 

Quantitative Analysis, j'he qualitative tests will indicate the presence of impuri¬ 
ties. Thcs<* cun now be <li‘termincd by the standard procedures. ’I'he following brief 
outline m.ay be found u.scful as a guide for the metho<t of e.xamination. 

Moisture. Determine loss on 2-gram sam|)lc <trie<l at 105° C. for two hours. 

Loss on Ignition. Ignite n-sidue from above. Loss is due to escape of COi and 
to organic m.atter and combined water. 

Iron and Alumina. Dige.st a .5-gram samph' with 1.50 cc. HCl (1 : 3). Evaporate 
extract to drynes.s, take up with 100 cc. dilute lIC'l and filter to rcnK)ve SiOj. Precipi¬ 
tate iron and alumina in filtrate in usu.al manner anti determine. If PjOb is present 
it will bo present with the precipitate. If pre.sent it will be necessary to aild a known 
quantity of iron as l''eC'l.i to carry down all the PjOo. This iron and the PjDs, deter¬ 
mined on a separate sample, must be deducted, to obtain the iron and alumina in the 
sample. 

Phosphate. Extract a 2-grnm sample with water by decantation. Digest the 
residue with a 10(1; solution of IIXOj and filter. Precipitate PjOt in the filtrate with 
ammonium molybdate in the usual manner. The yellow preeipitate is rlissolved in 
NHiOH and PAh precipitated with magnesia mixture and determined by the standard 
jirocedure. 

Mgri’^O, X 0.6379 = PjOs RIg 2 PsO; X 2.7038 = Ba,(PO.), 

Lead Sulphate. 'I'his may be determined in the residue from the iron and alumina 
determination by extraction with ammonium acetate and jirecipitation with dichromatc 
reagent by usual procedure. PbC'rD 4 X 0.9383 = PbiSO*. 

For Other Ingredients consult chapter on Paint Analysis, page 1188. 



BERYLLIUM (GLUCINUM) 

Ol, at.iet. O.t; tp.gr. m.p. > 980° C.; oxide, GIO. 

DETECTION 

In the usual course of analysis Klucinum will lie precipitated by ammonia along 
with iron and aluminum hydroxides. Silica having beim removed by evaporation 
to dryiKiSH of the acid .solution of the substance, extraction of the residue with 
dilute hydrochloric acid and siihswimuit filtration; the members of the hydrogen 
sulphide group are precipitatisl from slightly acid solution by hydrogen sul¬ 
phide. J'he filtrate is concentrated to about .'fO cc., and about 2 grams of sodium 
peroxide are added to the c(«)led li<|uid, which is now heated to boiling and 
fi tiTOd. 1 m!(()II), remains iiisr.lubh, if iron is present, while aluminum and 
gljicinum dissolve. The filtrate- is acidified with nitric acid, and ammonia then 
added in excess. If a precipitate forms, alumina or gluciiium or both are indi¬ 
cated. (diicmiim hydroxide and aliiminuni h.vdroxide cannot be distinguished 
liy appearance; the solubility of the former in sodium liicarbonate solution makes 
It pi^siblc to separate the two. 'I'he prei-ipitate is di.s,solved in acid and the 
solution made almost neutral with ammonia. Solid sodium bicarbonate is added 
m sufhciciit amount to make the .solution contain 10% of the reagent and the 
mixtiini heated to boiling, then filtered. .Alumina h.vdroxide remains on the filter 
paper and glucmum passes into the filtrate, in which it may be detected bv 

predpitates'''’* "'''’'''■’‘I’'’" hydroxide 

(iluciniim h.ydroxide, (il(l)II).„ is prei-ipitated from neutral or acid solu¬ 
tion by amiiioiiia, iiisoluhle in exce.ss (distinction from .Al(()ll),,) It is nre 
cipitated by sodium and pota.s.siuni hydroxidi-s, soluble in cxce.ss (separation 
from iron), if this solution is boiled (il(()II), is repiecipitated, .\l(OH), remains 
in solution. (d(()ll), is soluble m an excess of juiiinoiiium carlmnate, .A1 (OH), 
IS lusolublo. ' 

FSTIMATION 

Ghminiim occurs in the miia-rats beryl, eiielase, davalite, chrv.sobervl helvite 
leucophaiie, pheiicaite. • , 

The o.xide, CIO. is .soluble in .strong sulphuric acid. It is decomposed bv 
fusion with potassiuiii fluoride. The freshly precipitated hvdro.xide, (Jl(OII); 

IS easily soluble m dilute aeiils, in alkalies and alkali carbonates knd bica^^^ 
bomitos. 

The nuithods of preparation and solution of the .sample are the same as 
those d^ribed for the estiiimtioii of aluminuin. Kor details of the.so procedures 
the anal.vst is referred to the chapter on this element. 

Chapter contributed by W. \A'. Scott. 
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SEPARATIONS 

Removal of Silica and Members of the Hydrogen Sulphide Group. Feu 

pjoceduie given under “ Detection.” 

Separation of Glucinum from Iron and Manganese. The acid solution 
is nearly neutralized with ammonia and then poured with constant stirring into 
an excess of a cold mixture of ammonium 8\ilphide and carbonate. Iron and 
mangancso are precipitated, whereas glucinum passes into the filtrate. (Zir¬ 
conium and yttrium will be found with glucinum, if they are present in the 
material examined.) 

Separation from Zirconium and Yttrium. The fdtrate obtained from 
the separation of iron and manganese is boiled for an hour, tire precipitate 
is filtered and washed, then dissolved in dilute hydrochloric acid. To this 
solution is added an excess of sodium hydroxide, zirconium and yttrium are pre¬ 
cipitated, whereas glucinum remains in solution. After filtering, glucinum 
may be precipitated by boiling the diluted filtrate. 

Separation from Aluminum, Chromium and Iron. The elements precip¬ 
itated as hydroxid(!.s are ignited to oxides and fused with sodium carbonate 
for an hour or more. Upoti leardiing with water, alumimnu and chromium dis¬ 
solve, while iron and glucinum retnain insoluble. The oxides of glucinutn and 
iron may be sei)arat(>d by fusion w’itli sodium acid sulphate, extracting with water 
and precipitating the iron with an excess of sodium hydroxide, glucinum re¬ 
maining in solution. 

Separation of Glucinrim from Aluminum. The hydroxides of alumina 
and glucinum are precipitated with ammonia and the preidpitate treateil with 
an excess of .ammonium carbonate. t!l(t)ll )2 ilissolves, whereas Al(()H)j re¬ 
mains insoluble, .'■'ee Detection, also (Inivimelric MctluMl for Determination 
of Glucinum. 

Aarium carbonate is precipitated from ammoniacal solution by addition 
of ammonium carbonate in slight excess and allowed to settle at least an hour 
(preferably longer). The carbonate is filtered and washed with diluti; NILOII, 
dried and gently ignited to constant weight and weighed as UaCOa. It is 
advisable to add a little ammonium carbonate jjowder to the llat'Oj with the 
final ignition. 

Notks. Th(! mineral laryl contains approximately I t jxt cent of lx;rylliinii oxide, 
BeO, and is thi' principal .source of Ix'ryUium. Itcryllium i.s used in alloys. The aluni- 
iimin alloy has <amsiderable tensile strength, is hard and light (sp.gr. 2..') with 1)0% A1 
and 10'.,', He). Hcryllium achh'd to alloys of caleiiim and aluminum makes a tougher 
and more malleable product. (So',), Al, lO'i), He, Cu, sp.gr. 2..S with tensile .strength 
e(|ual to that of bronz<-.) Alloys of beryllium and cop|X‘r are valuable for making sci¬ 
entific in.strumeids on account of their electrical pro|)erties. Hcryllium oxide w usr^d 
in incande.sccnt mantles. It acts a.s an accelerator for cataly/.er.s. N.B. Ind. Kng. 
Chem., 16, 74 (Jan., 1924). Article on catalyzers by W. W. Scott. 
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BERYLLIUM (GLUCINUM) 
GRAVIMETRIC DETERMINATION OF BERYLLIUM 


The procedure recommended by Parsons and Barnes • depends upon the 
solubility of glucinum hydroxide in a 10% sodium bicarbonate solution, in the 
separation of this element from iron and aluminum hydroxide precipitate, with 
which it is commonly thrt)wii out from solution. (Uranium, if present, also 
dissolves.) 

Procedure. Silica and the members of the hydrogen sulphide group haxdng 
been removed by the u.sual methods (See Detection), hydrogen sulphide is 
expelled by boiling, nitric acid is added in sufficient amount to oxidise iron 
(the hydrochloric acid solution turns yellow) and ammonium hydroxide added 
in slight excess. The precipitutc<l hy<lroxid(!s are allowed to coagulate by heating 
to boiling and, after settling a f(!W minutes, fdtered and washed with a 2% 
solution of ammonium acetate containing free ammonia. 

Separation from Iron and Aluminum Hydroxide. The precipitate is 
dissolved in hydrocddoric a(ud, the solution oxidized with nitric acid or hydro¬ 
gen peroxide (G.P.), if ncces.sary, and the free acid then neutralized with ammonia. 
To the cold solution are added 10 grams of sodium bicarbonate for each 100 ce. 
of liquid. The mixture is heated to boiling and boiled for one minute,’ then 
cooled ami filtcnwl. The residiu! is washed with hot 10% solution of sodium 
bicarbonate. Iron and aluiTunum hydroxides retnain on the fdter and gluci- 
niim posses into the lilt^at(^ 

To recover occhnled glmunum from the hydroxides of iron and alumina, 
the precipitata is <lis.solved in a few drops of hyilrochloric acid, and the pre¬ 
cipitation repeated. It is lulvisjvble to repeat this treatment a third time, 
adding the filtrates to the first portion contaitdng the glucinum. 

Precipitation of Glucinum. 'I'he combimid filtrates from the alumina and 
iron hydroxides are acidified with strong hydrochloric acid, the beakers covered 
to prevent loss by spurtitig anil thi! carbon dioxide completely removed by 
boiling. (COi remaining in solution would form ammonium carbonate, on sub¬ 
sequent treatment with ammonia, which would dis.solvo glucinum.) A slight 
O.XCCSS of ammonia is now added, the mixture again boihil and the precipitated 
glucinum hydroxide allowed to settle, then lillered and washed with a 2% solu¬ 
tion of ammonium acetate conlaining free ammonia, until the chlorides are removed. 
After ignition the residue is weighed as glucinum oxide, (110. 

(!l()X0.:(()2fU.(:l. 

• C. b. rarsons and ft. K. llarnes, J.nir. Am. Chem. .Soc., 28, l.'iS!), ItKKi. 

’ Prolonged iKiiling would cause the loss of too much COj, so that Al(OH)j would 
Iw apt to pass into solution. The evolution of CDj may lie mistaken for boiling. 
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Other Methods for Determining Beryllium (or Glucinum) 

Gibson’s Method.’ Decomposition of beryl is heated with ammonium 
liydrogcn fluoride. Much of the silica is volatilized as ammonium (luosilicnte 
and the aluminum and bcjryllium are converted to fluoriiles, them to sulphates. 
Rcryllium is now separateil from aluminum by extraction with ammonium 
carbonate and precipitated from the extract by boiling. 

PoUok’s Method.* The beryl is fustid with caustic soda, and the fusion 
is dissolved in HCI. The hydroxides are now precipitated with NHeOII and 
filtered and waslied. The precipitate is dissolved in IICI and aluminum pre¬ 
cipitated l)y saturation with HCI gus. (.See notes below.) (AlCla.dll-) 
prccipitate<l. Ammonium carbonate is now used t.> separate the beryllium 
by metliods described. 

Notes.’ Be(()H)s resembles AlfOIDj in lx‘ing .soluble in an exces.s of fixed alkali, 
but differs from it by the fact that BetOlI)- repnadpitates on iKiiling the .solution, while 
alumiiumi nniiains in solution. 

A saturated solution of .s<Mlium cartejiiate di.s.solve.s B<!(01I)j but not Al{Il)i or 
l''c(OH),. 

If ether is a(l<lefl to a .solution or BeCtj an<l .\1CU and tlu'n IICI gas passed in, 
aluminum chloride is precipitated, while Is'cvlliuin remains in .solution. 

Fu.sion of the oxides of aluminum .and IsTyllium with NajCDj produces a water 
soluble aluminate of sodium, while l>ervllium remains in.soluble. 

FiLsion with NajSlFe produces soluble NajBel'^ and in.soluble Na,i.\IF«. 

‘.lour. Chem. Soc., G3. ilO!) (ISOd). 

’Trams. Roy. Dublin 8oc., 8, 139 (1<K)1,. 

’ Chemistry of the Rarer Elements by B. .Smith Hopkins. The Analysis of Minerals 
and Ores of the Rarer Klemeuts by W. ll. Schoeller and A. R. Powell. 
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Bl, af.iof. 209.0 1 tp-gr. 0.7474; m.p. 271°; ‘ b.p. 1420° C.; oxide», 
BhO„ BIjO,. 

DETECTION 

BiHinuth is precipitated from it.s .solution, containing free acid, by HjS gas, 
as a brown sulpliide, Ui&. The com(s>uii(l is insoluble in ammonium sulphide 
(separation from arsenic, antimony, and tin), but dissolve in hot dilute nitric 
acid (sTiparation from mercury). The nitrate, treated with sulphuric acid and 
taken to SOi fumes, is con\'erted to the sulphate and dissolves upon dilution 
with water (lead remains insoluble as PbSO,). Bismuth is pnicipitated from 
this solution by addition of ammonium hydroxid(!, white Bi(()H)j being formed 
(copper and cadmium dis.solvc). If this hydroxide is dis.solved witli hydro¬ 
chloric acid and then diluted with a large voIuiik! of water, the white, basic 
sidt of bismuth oxychloride, BiOtd, is preciiiitated. 'I'he comixmnd dissolves 
if sulKcdent hydrocliloric acid is present. It is insoluble in tartaric acid (dis¬ 
tinction from antimony). 

Reducing Agents, t'ormaldehyde in alkaline solution, hyjxiphosphorous 
acid, potassium or s<Hlium stannite, nshice bismuth compounds to the metallic 
stat<!. For (“.xample. a hot solution of so<lium stannite poured onto the white 
precipitate of Hi(Otl), on the lilter will give a black stain. The test is very 
delicate and enables tin; detection of small amounts of tin; compound. 

:iK,SnO,+2Bit'b+(iKOI[ =2Bi+:iK,,Snt),+(iK('l+3H!0. 

Blowpipe Test. A compound of bismuth heated on charcoal with a 
powdered mixture of carbon, i»itassium iodide and sulphur, will give a scarlet 
incrustation on the charcoal. 

ESTIMATION 

The determination of bismuth is re(|uired in complete analysis of ores of 
cobalt, nickel, copjHT, silvan-, h-ad, and (in, in which it i.s generally found 
in small riuantitu-s. In evaluation of bismuthite, bismuth ochre, etc. In the 
analysis of tluj minerals w<tlfr,*un, molylshmite. It is determined in the residues 
from the refining of lead (the prini-i|)al source of bismuth in the United 
States). In the analysis of alloys - -aidifricticni metals, electric fuses, solders, 
stereotype nietals, C(!rtniit amalgams used for silvering mirrors (with or with¬ 
out lead or tin), and in bismuth compounds. 

Preparation and Solution of the Sample 

In dissolving the substance, the following facts must be kept in mind: nitric 
acid is the beat solvent of the metal. Although it is soluble in hot sulphuric 
acid, it is only very slightly soluble in the cold acid. The metal is practically 
insoluble in hydrochloric acid, but readily dLs.solves in nitrohydrochloric acid. 

Chapter contributed by \V. \V. Scott and J. J. Mulligan. 
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Tlie hydroxides, oxides, and most of the bismuth salts are readily soluble in 
hydrochloric, nitric, and sulphuric acids. 

Ores or Cinders. One gram of the finely pulverized ore or cinder (or larger 
amounts where the bismuth content is veiy low) is treated in a 400-cc. beaker 
with .5 cc. of bromine solution (Hr+KHr+IIjO),‘ followed by the cautious 
addition of about 15 cc. of HXOj (.sp.gr. 1.42). When the violent action 1ms 
ceas<al, which is apt to occur in sulphide ores, the mi.xturo is taken to dryness 
on the steam bath, 10 cc. of strong IK'l and 20 cc. t)f concentrated HjS <)4 and 
the covered sample heated until SOj fumes are freely evolved. The cooled solu¬ 
tion is diluted with .50 cc. of water and gently heated until only a white or 
light gray residue remains. I'he sedution is filtered and the residue washed 
with dilute H 2 S 04 (1 : 10), to remove any adhering bismuth. Silica, the greater 
part of the lead (al.so JlaSO,) remain in the residue, whereas the bismuth, to- 
gctluT with iron, alumina, co])i)er, antimony, etc., are in the solution. Details 
of further treatment of the solution to effect a st'paration of bismuth are 
given under “Separations” and the ])rocedures for <tetermination of bismuth. 

Alloys, Bearing Metal, etc. Om; gram of the borings, i)tac('d in a small 
beaker, is dissolved by adding 20 cc. of concentrated IK'l and .5 cc. of strong 
IlNOj. The alloy will usually dissolve in the cold, unle.ss considerable lead 
is i)rcsent, in which ease prolongtal lu'.ating on the steam bath may be neces¬ 
sary. (A yellow or greenish-yellow color at this stage indicates the presence of 
coplwr.) Lead may now be removed either as a suli)haf(! by taking to SOj fumes 
with lIiSO, or by precipitating as a chloride, in the presence of alcohol, .accord¬ 
ing to diri!ctions given under Separations. 'I’lie bismuth is determined in the 
lillrate from lead according to oim of the proi:edures given under the ([uanti- 
tfitive methods. 

Lead Bullion, Refined Lead. 4'en to twenty-five grams of the lead, 
hammered or rolled out into thin she<its and cut into small pieces, are taken 
for analysis. 'I'he sample is dissolved by a mixture of 2.50 cc. of water and 
40 cc. of strong nitric acid, in a large covennl beaker, by warming gently, jjref- 
erably on the sbaim bath. When the le.ad lias dissolved, the beaker is removed 
from the heat and dilute .ammonia (1:2) added to the warm .solution, very 
cautiously and finally drop by drop until the free acid is neutralized and the 
liquid remains faintly opalescent, but with no visilile jirecipitato. Now 1 cc. 
of dilute IK'l (1 : .‘5) is added. The solution will clear for an instant and then 
a crj-stalline preciiiitate of bismuth oxychloride will form, if any considerable 
amount of bismutli is present. The beaker is now placed on the steam bath 
for an hour, during which time the bismuth oxychloride will separate out, 
together with a .gniall amount of lead and with antimony if present in appre¬ 
ciable amounts. The further isolation and purification of bismuth is given 
under “Heparations.” In brief—antimony is removed by dissolving the pre¬ 
cipitate in a small amount of hot dilute IK'l (1 : 3), precipitating bismuth, 
traces of lead, and the antimony by HjS, diasolving out the antimony sulphide 
with warm anmionium sulphide, dissolving the Bi,Sj and PbS in UNO, and 
reprecipitation of the bismuth according to the procedure given above. Bis¬ 
muth is now detennined as the oxychloride. Further details of this method 
are given under the gravimetric procedures for bismuth. 

* Bromine solution is made by dissolving in water 75 grams of KBr, to which arc 
added 50 grams of liquid bromine and the mixture diluted to 500 cc. with water. 
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SEPARATIONS 

The following procedures are gimi in the order tiuU would be followed in the 
complete analysis of an ore, in 'ohich all the constituents are sought. This general 
scheme, however, is not required for the majority of bismuth-bearing samples com¬ 
monly met with in the commercial laboratory, direct irrecipitations of bismuth fre- 
quently being possible. 

Separation of Bismuth from Members of Subsequent Groups, Fe, Cr, 
Al, Mn, Co, Ni, Zn, Mg, the Alkaline Earths and Alkalies, together with 
Rare Elements of these Groups. The sulutioti should eoiitaiii 5 to 7 cc. of 
concentrated hydrocldoric acid (sp.gr. 1.1!)) for every 100 ce. of the sample. 
The elements of the hydrogtai sulphide group are precipitated by saturating 
the solution with JI,S (llg, 1’1>, Hi, (!u, Cd, As, Sb, Sii, Mo, So, Te, Au, Pt). 
The members of subse(iuetit groups remain in solution and pass into the filtrate. 

Separation of Bismuth from Arsenic, Antimony, Tin, Molybdenum, 
Tellurium, Selenium. In prestmee of mercury, the soluble members of the 
hydmgcn sulphide group an; sijparabsl from tlu! insoluble sulphides by digest¬ 
ing the precipitatit above obtained with ammonium sulphide; in absence of 
mercury, however, which is generally the {'ase, digestion of the sulphides with 
sodium hydroxide ami sislium sulpliide solution is preferral, the general pro- 
ce<lurc being followed. Mercury, lead, bismuth, cop|«!r, and cadmium remain 
in the residue, whereas th(! other membci's of the group dissolv(!. 

Separation of Bismuth from Mercury. The insoluble sulphides, remain¬ 
ing from the above treatment with ammonium sulphide after being wa.shed 
free of the soluble membi'rs of this group, an; placeil in a porcelain dish and 
boiled with dilute nitric aiuil (sp.gr. 1.2 to l.,'l). The solution thus obtained 
18 filtered, uimn dilution, from the insoluble .sulphide of mercury. A little 
of the load may mnain as I’bSO,, the solution may contain lead, bismuth, copper, 
and cadmium. 

Separation of Bismuth from Lead. 'I’his is the most important pro¬ 
cedure in the determination of bismuth as the separation is almost invariably 
necessary, as these elements commonly ociair together. 

Precipitating Lead as PbSO,. This procedure is generally used in the 
process of a complete analysis of an ore containing lead and bismuth. The nitric 
acid solution of the sulphides, obtaiinal upon niiiiuv.al of the .soluble group and 
mercury by boiling the insoluble sulphiiles with dilute nitric acid, is treated 
witli about 10 cc. of strong sulphuric acid, and taken to SO, fumes by heating. 
The cooled sulphate solution is diluted with waler and the insoluble lead sul¬ 
phate filtered off and washed with dilute sulphuric acid solution (1 :20). 
Bismuth passes into solution, together with copper and ciulmium, if also present 
in the original sample. 

Precipitation of Lead as PbCb. This separation is used in the complete 
analysis of pig lead. 

Separation of Bismuth from Copper and Cadmium. This separation is 
accomplished by precipitating bismuth os the oxychloride with hydrochloric 
acid, or as the carbonate by adding an excess of ammonium carbonate to the 
solution nearly neutralized by ammonia, or ns the hydroxide by adding an 
excess of ammonia. Details of these procedures are given under the gravi¬ 
metric methods for determining bismuth. 
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qRAVIMETRIC METHODS FOR THE DETERMINATION OF 

BISMUTH , 

Determining Bismuth by Precipitation and Weighing as the 
Basic Chloride, BiOCl 

The determination depends upon the formation of the insoluble oxychloride, 
BiOCl, when a hydrochloric acid solution of bismuth is sufficiently diluted 
with water, the following reaction taking place, BiCl,+H,0 = BiOCl-I-2HC1. 

The procedure is rcconuncnded for the determination of bismuth in refined 
lead, bearing metal, and bismuth alloys, ('opiier, cadmium, and lead do not 
interfere; appreciable amounts of antimony and tin, however, should bo re¬ 
moved by liyS precipitation and subsequent treatment with Na,S, and the resid¬ 
ual sulphides dissolved in hot dilute nitric acid, according to directions given 
under “Separations.” 

Propertiex of IWOCi. .Vof.wl., 259.40; sp.gr., 7; m.p., rod heat; insof. 
in lljO and in IIsC,H,0,, soluhte in acids. Appearance is white, gnadratic crys¬ 
talline form. 

Procedure. The solution of bismuth, freed from appreciable amounts of 
tin and antimony, is warmed gently and treated with sufficient ammonia to 
neutralize the greater part of the free acid. At this stage a precipitate is formed 
by the addition, which dissolves with difficulty; the last jxirtion of the dilute 
ammonia (1 : 2) is added drop by drop, the solution is diluted to about 300 
cc., and the remainder of the free acid neutralized with dilute ammonia added 
cautiously until a faint opalescence appears, but not enough to form an appre¬ 
ciable precipitate. One to 3 cc. of dilute hydrochloric acid (I part HCI 
sp.gr. 1.19 to 3 parts HjO) are now added, the mixture stirred and the bismuth 
oxychloride allowed to settle! for an hour or so on the steam bath, then filtered 
hot by decanting off the clear solution through a weighed Gooch crucible. The 
precipitate is washed by decantation twice with hot water and finally washed 
into the Gooch, then dried at KX)" C. and weighed as BiOCl. 

BiOClX0.8017=Bi. 

Notb. Three cc. of dilute hydrochloric acid (or 1 cc. cone. _HC1, sp.gr. 1.19) 
are sufficient to comi)letcly precipitate 1 gram of bismuth from solution. 
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Determination of Bismuth as the Oxide, BiaOs 

Preliaiinary Considerations. I'he detennination of bismuth as the oxide 
requires the absence of hydrochloric acid or sulphuric acid from the solution 
of the element, since either of these acids invariably contaminates the final 
product. In presence of the.se acids, which is frequently the case, determination 
of bismuth by precipitation as HijS, or by reduction to the metal and so weighing 
is generally rccommendtsl; a britd outline of the methods is given later; 
a solution of bismuth fns) from hydrochloric acid and practically free of sul¬ 
phuric acid may bo obtained by precipitating IJijS,, together with CuS, CdS, 
and I’bS, the amount of sulphuric acid formed by the reaction being negligible. 
Bismuth should be in a nitric acid solution, free from antimony and tin. 

Two general conditions will bo considenKl: 1. .Solutions containing lead. 
Copper and cadmium may also be i)re.sent. 2. Solutions free from lead. Copper 
and cadmium may be prcscsit. 

1. Separation from Lead, Copper, and Cadmium, by Precipitation as 
Basic Nitrate.' EitlnT the sulidiuric or hydrochloric acid methods may t)e employed 
for effecting the separation of lead by pnaapitation. Ji'urthermorc advantage may 
be taken of tlu* fact that bismuth nitrate is ehang('d by the action of water into an 
insoluble basic .salt, while lead, eopiK-r and cadmium do not undergo such a trans¬ 
formation. 

Procedure. The bismuth nitrate solution is evaporatetl to syrupy con¬ 
sistency and hot water added with constant stirring with a glass rod. The 
solution is again evaporabal to dryness, and the hot-water treatment repeated. 
Four such ceuiporations are g(!n(>rall.v sullieient to convert the bi-smuth nitrate 
completely into the basic salt; wIhui this stage is reached the addition of water 
will fail to produce a turbidity, rias solution is finally evaporated to dryness 
and, when free from nitric acid, is (!xtraeted with cold ammonium nitrate solu¬ 
tion (l.Nn 4 N()i ; 5(X) lljO) to di.ssoIveout the hard and other impurities. After 
allowing to stand some time with freciuent slirritig, the solution is filtered and 
the residue washed with ammoinum nitrate solution, then dried. 

Igmtion to Bismuth Oxide. As much of tlw; pn'cipitate as possible is 
transferred to a wiughed ixireelaiiv crucible, the lilt(!r is burned and the ash 
added *10 the main precipitate. 'I'liis is now gcmtly ignited over a Bunsen 
burner. Too high healing will eau.s(! the oxide fo fuse and attack the glaze 
of the crucible. 

Properties. Bi(OH)jNO, nwl.ui., .‘ifH.o;}; sp.j/r., •l.y2,S'S°; decomp., 260°; 
insoi. in H,0; sol. in acids; hcjcagomd piiUc.s. 

BiaO,“Wof. let., 464.0; sp.gt., 8.S to 0.0; m.p., 820 to 860°; insoluble in cold 
water and in alkalies, but soluble in acids; yellow tetragonal crystals. 

Bl,O,X0,S00.5-.Bi. 

2. Precipitation of Bismuth as the Subcarbonate or Hydroxide, Lead 
being Absent. Either of these procedures effocls a separation of bismuth from 
copper and cadmium. 

A. Procedure. Precipitation of the Subcarbonate. The solution is 
diluted to about 300 cc. and dilute ammonia added cautiouslj' until a faint 
turbidity is obtained and then an excess of ammonium carbonate. The solution 

* J. Lowe, Jour. peak. Chem., (1), 74, 344, 185.S. 
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ii» Jjeated to boiling, the precipitate filtered off, washed with hot water, dried 
and ignited according to directions given in the bismuth subnitrate method. 
The residue is weighed as BitOj. 

B. Procedure. Isolation of Bismuth by Precipitation as the Hydroxide.* 

The solution is taken to dryness and the residue treated with 5 cc. of nitric 
acid (1:4) and 25 cc. of water added. The resulting solution is poured, with 
constant stirring, into 25 cc. of concentrated ammonia and 50 cc. of 4% 
hydrogen iwroxicle. Upon settling of the bi.smuth hydroxide, the clear solution 
is filtered off and the residue is treated with more ammonia and peroxide. It 
is then filtered onto a filter paper, washed with hot, dilute ammonium hydroxide, 
(1 :8), followeel by hot water and wasluxl free of any adhering copper or cad¬ 
mium (no residue when a <irop is evaporated on platinum foil), lie-solution 
in hot dilute nitric acid and rcprccipitation may soim'times be iu‘ce.ssary to 
obtain the pure product. The hydroxide may be dried, ignib'd and weighed 
as BijOa according to directions already given on page 74. 

Properties. BiiOi-COs-HjO, niol.wt., 520.02; xp.gr., 0.80; decamp, hy heal; 
inxoluhle in water, soluble in acid.i, insoluble in Najf’Uj; xehiie precipitate. 

Bi(OII)s, mol.u't., 259.02; loses 1} HjO at 150°; insol. in cold water and in 
alkalies; soluble in acids; white precipitate. 

Determination of Bismuth as the Sulphide, Bi^Ss 

The procedun; is aijplicable to the determination of bismuth in a hydro¬ 
chloric or sulphuric acid solution, freed from otlier mcnilicrs of this group. 

Procedure. Bismuth sulphide 
is precipitated by passing IljS into 
the slightly acid solution, j)referably 
under pre.s.sure. When the precipi¬ 
tation is complete, the bismuth sul¬ 
phide, BijSj, is (iltercd off into a 
weighed Gooch crucible, the precipi¬ 
tate washed with IbS wat(!r, then 
with alcohol to remove the water, 
followed by carbon disidphide to 
dissolve out the precipitated sul¬ 
phur, then alcohol to remove the 
disulphide, and finally with ether. 

After drying for fifteen to twenty 
minutes, the residue is weighed as 
BijSa. This weight multiplied by 
0.8122 = Bi. 

Note. The carbon disulphide used should be freshly di.stilled. Tliis may be 
accomplished by placing the carbon disuiphidc in a small flask (A, Tig. 7) connected 
by moans of a ghass tube (C) to a second flask (if), cork stoppers being used. The 
vessels are immersed in beakers of water, the container with the reagent being nlaced 
in hot water (60 80° C.) and the empty flask in cold water. The reagent quickly dis¬ 
tills into the empty flask in pure form. 

Properties of Bismuth Sulphide. Bi„S,, mol.wl., 612.21; sp.gr., 7-7.81 
decomposed by heat, solubility ^O.OOOOlHg. per 100 cc. cold H,0; soluble in nitric 
acid; brown rhombic crystals. 

‘ * P. Jannasch, Zelt. anorg. Chem., 8, 302, 1895. 
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Determination of Bismuth as the Metal 

Reduction with Potassium Cyanide.' Bismuth precipitated as the car¬ 
bonate and i^nibid to tlie oxid(! according to the procedure given, is fused in 
a weighed porcelain crucible with 6 times its weight of potassium cyanide over 
a low flume. The cooled molt is extracted with water, pouring the extracts 
through a filter that has becai druid and weighed with the crucible. Bismuth 
is left undissolvcd as nadallic bismuth. After washing with water, alcohol 
and ether, the filter, with the metal and loosened pieces of porcelain glaze is 
dried at KK)° C. together with the crucible. These are then weighed and the 
increased weight taken as the amount of liismuth present in the sample. 

Electrolytic Deposition of Bismuth 

With samples containing le.ss than ().();{ gram bismuth, the metal may be 
satisfactorily deistsited by electrolysis of its sulphuric acid solution, lead having 
been removed previously iiy sulphuric acid by the standard procedure. The 
solution contains about (i cc. of strong sulphuric acid per 100 cc. This is 
electrolyzed with a current of O.H to 0.7 ampere and about 2.7 to 3 volts. 


VOLUMETRIC DETERMINATION OF BISMUTH 

Determination of Bismuth by Precipitation as Oxalate and 
Titration by Potassium Permanganate * 

Noimal bismuth oxalate, produced by addition of oxalic acid to a nitric 
acid solution of the ehuiient, boihid with succe.ssive portions of water, is trans¬ 
formed to the basic oxalate. 'I’liis may be titrated with iiotassium perman¬ 
ganate in pnisonce of .sulphuric acid. 

Procedure. Preparation of the Sample. One gram of the finely ground 
^nple IS treated with .5 to 10 cc. of concentrated nitric acid and digested on 
the steani bath and finally evaiioratc.l to dryness, the residue is taken up with 
5 ct^f nitric and (sp.gr. 1.42) -1-2.5 cc. of water, and diluted to 100 cc. 

^ecipitation of the Oxalate. About 5 grams of ammonium oxalate or 
omIic acid are added and the licpiid boiled for about five minutes, the pre¬ 
cipitate alloweil to settle and the supernatant solution filtered off. The 
precipitate is boiled twice with .50-.c. portions of water and the washings poured 
through the same fiUcr. If the filtrate still passes through acid, the washing 
K contmued iinti the acid is removed ami the washing passing through the 
filter IS neutral. 1 he bulk of the basic, oxalate precipitate is placed in a beaker 
and that remaiiiing on the filter paper is dissolved by adding 2 to 6 cc. of hydro¬ 
chloric acid, 1:1, the solution being added to the bulk of the precipitate. 

* Method by H. Hose, I’ogg. Ann., 110, p. 425. 

by adding formal- 
lor commercial work. Warwick 


and Kyle (C. N., 76, 3). 

Muir and Robbs, J. C. S., 41, 1. 
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'iris is now warmed until it goes into solution and the liquid is diluted to 250 
c. with hot water. Dilute ammonia is now added until the free acid is 
.eutralizcd; the resulting precipitate is taken up with dilute sulphuric acid, 1 : 4, 
dded in slight excess. The resulting solution, warmed to 70°, is titrated with 
tandard potassium ijennanganate. 

One cc. KMnO, X /lO =0.0104 gram Bi. 

Note, lead, copper, arsenic, iron, zinc, and tellurium do not interfere. Ily- 
Tochloric acid .should not l)C used to dissolve the sample, as it inteifeies with the 
xalate precipitation. 

Cinchonine Potassium Iodide, Colorimetric Method > 

This method is applicable for the (leterniination of small amounts of bis- 
nuth, O.OOOO.'l to O.tKKll.o gram, in ores and alloys. The procedure depends 
ipon the fact that bismuth nitrate produces a crimson or orange color when its 
mlution is added to a solution of cinchonine potassium iodidi-, the intensity 
A the color depending upon the amount of bismuth in the resulting product. 

Special Reagents. Cinchonine Potasaium Iodide Solution, Ten grams of 
■inchonine are dissolved by treating with the le.ast amount of nitric acid that 
is neecssarj' to form a viscous mass and taking up with about 1(X) cc. of water, 
riie acid is added a drop at a tinu!, as an excess must be avoided. Twenty 
?rams of potassium iodide are dissolved separately and cinchonine solution added. 
The resulting mixturt! is diluted with water to KHK) cc. .After allowing the 
reagent to stand forty-iught hours, any pn>cipitale formed is filtered off and 
the clear product is ready for u.se. The reagent preserxed in a glass-stopiwred 
bottle keeps indefinitely. It should be filtered free of sus|)eniled mntt<'r before use. 

Standard Bismuth Sidution. One gram of metallic bismuth Ls dissolved 
in the k^ast amount of dilute nitric acid (1:1) that is necesisary to k(-ep it in 
solution and diluted to 1000 cc., in a graduated flask. One hundred cc. of this 
solution is diluted to 1000 cc. One ci'. of this diluted solution contains 0.0001 
gram bismuth. 

Procedure. Isolation of Bismuth. The solution is freed from lead by 
HjSO,, and from arsenic, antimony, and tin by precipitation of the sul|>hides 
and extraction with Na,.S solution. The residual suliihidcss are dissolved in hot 
dilute nitric acid, accr)rding to the standard methods of procedure. The free 
nitric acid is nearly neutralized by the cautious iuldition of dilute ammonia, 
the last portion being added drop liy drop, until a faint <'loudiness is evident, 
and then 10 to 15 cc. of 10% ammonium carbonate are added with constant 
stirring. The mixture is digested for about three hours on the steam bath, 
the clear solution decanted through a small filter, the residue washcal by de¬ 
cantation once or twice with hot water cf)ntaining ammonium carbonate and 
then on the filter twice with pure hot water. 

Colorimetric Comparison 

The residue of bismuth basic carbonate is (lis.solved in the least amount of 
dilute nitric acid necos.sary to effect solution and the filter washed free of bis¬ 
muth with a little water containing a few drops of nitric acid. The solution 
is made up to a definite volume, 50 cc. or 100 cc. according to the bulk of 
* Method of W. C. Ferguson. 



78 


BISMUTH 


precipitate dissolved. Two small beakers placed side by side may be u?ed 
for the color comparison, a .sheet of white paper or tile being placed under the 
beakers. Two 60-cc. Nessler tubes, however, are preferred. Three cc. of cin¬ 
chonine solution are add(«l to each container. From a burette the bismuth 
nitrate sample is run into one of these containers in just sufficient quantity to 
color the reagent a crimson or orange tint. The exact volume required to do 
this is noted and the e(|uivalent amount of sample used calculated. (If no 
color is produced bismutli is absent.) The reagent in the adjacent beaker or 
Nessler tube is dilut(!d to !> to 7 ce., and into this is run, from a burette, the 
standard l)isimith tiitrate solution uidil the color exactly matches the sample. 
From the <•<■. of thcc standard rcsiuircsl the; amount of bismuth in the sample 
can readily be cailcadatcsl. 

Reaction. 3KH-(’„HaN,OKI+Hi(NO,)3 = C,.IbjNi()KIBiI,-|-3KNO,. 

Precautions. The scnsitivcnciss of tlic method is lost if the depth of color is too 
great. It is nccscssiiry, tlicn, to add the sample to the cini^honine reagent in such 
quantity only Its will produce a light crimson or tirange color. 

Holutions in the comjsirisoti tid>es or heakcus must not be ovccrdiluted, since the 
bismuth salt formed liy tlic! reaction of the cinchonine reagcait is soluble in water 
with the diwippcaranc^e of caclor in too dilute; solutions. 

(l(iiui)arison must be <;xpi'ditious|y made, as a j)reei])itate is apt to form upon 
standing, and iodine will somidimisc separate. 

The order of addition must he; olwerveil; e.g., the; bismuth solution is added to 
the cin(;honinc r<;ag<;ut, nc;ver the; icversi;. 


Colorimetric Determination of Bismuth. Bismuth Iodide 

Method ' 

Bismuth iodide giv(;s an intense; yclieew, eirango, or red coleer to its seder 
tion. The ceeleir is neet elewtreryial by SO.., as is tlnit of fre;c ioeline. The inte;nsity 
eef the coleer variees jis folhews: 

1 part of bismuth in It),00(1 peirts of W!iti;r proelueecs .an eerange-colored solution. 

I part of bisimeth in lO.OtlO parts of wnt(;r proeluceis a light orange color. 

1 part of bismuth iie ItXl.OOO parts of water proeluces a feiint yelleew color. 

Reagents. Standard Bismuth Stdution. One gram of bismuth is disseelved 
in 3 cc. eef streeng eiitrie; aciel anel with 2.8 ec. eef water anel made up to 100 cc. 
with glycerine, (llycerine; is aelele;el tee ke-i'p the Bil, in solution. Glycerine 
is neet nce;essar>' feer ameeimts eif bisneuth bedeew 0.(K)7."e gram per cc. 

Potassium Iodide Solution. Five ge-ams lef |«etassium ieeeliele elissolveeel in 
5 cc. of water is diluh'el to KM) ea;. with glyce'rine'. 

Procedure. The .seuniele is elisseelvcd with just suflicient nitric acid and 
water neeo.s.sary tee cause; .seeleitieen, It) cea eef glye-erinc anel 10 ce. eef peeta.s.siura iodiele 
seelution aeided anel the .sjimple diluteei fee ;e0 ir. ('eempariseen is neew- made with 
10 cc. of the stanelard bismuth seelutieen to which has leeeii aeided 10 cc. eef 
potassium iodide and 30 ix. of water. It is aelvisable to have the standard 
stronger in bismuth than the seimple and tee eiraw out the standard from the 
comparison cylinder until the two colors match. 

•T. C. Thresh, Pharm. Jour., 641, 1880. 
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Bismuth Determination in Lead Bullion* 

Ten to twenty-five grams of the lead, hammered or rolled out and cut into 
small pieces, are taken for analysis. The sample is dissolved in a mixture of 
200 cc. water and 50 cc. strong nitric acid, in a large covered beaker, and 
warmed gently on water or steam bath. When lead has dissolved, the beaker 
is removed and placed on cool surface and enough sulphuric acid (1-1) added 
to precipitate lead. 

The lead sulphate is allowed to settle and the clear supernatant liquid is 
ilccantcd into another beaker and held. To the rc.sidue of lcn<l sulphate 
10-20 cc. concentrated sulphuric acid is added anil brought down to strong 
fumes on hot plate. After strong fuming, the portion containing load sulphate 
is diluted with water. To the first clear decanted portion, 10 cc. sulphuric 
acid is added and this also evaporated down to fumes of sulphuric acid. Both 
])ortions arc removed from hot plate and when cool add ,50 cc. water and 3 to 5 
grams of tartaric acid to each. Heat to dissolve tartaric acid and filter over 
asbestos pad, the clear portion first, and then follow with the one containing 
bulk of lead sulphate. The bulk of lead sulphate is washed by decantation 
three or four times with warm water before transferring to asbestos pad. 
When bismuth is higher than .30fJ, in the bullion, the sulphate residue may be 
retreated with sulphuric acid, fuineil and washed. The clear solution is 
allowed to stand for one hour and refiltercd to ensure removal of all lead 
sulphate. The filtrate is then warmeil and hydrogen sulphide g.as passed 
filtered on a paper and washed with cold ILS water. The sulpirides are 
w.ashed from filter back to prcci,)itating beaker. The sulphides of Sb, Sn, Te, 
etc., are leached out with a lOfo KjS solution, which has been saturated with 
hydrogen sulphide, and allowed to .stand in warm pl.ace and filtered over the 
original .sidphide paper. After washing with warm water containing a few 
drops of Kali solution, the precijiitatc is dissolved in nitric acid and a few drops 
of bromine to ensure solution of all .sulphur. It is all important to remove 
Sb, Sn and Te from sulphide precipitate before going any further by repeating 
hydrogen sulphide precipitation. 

The nitric acid solution of Hi, (hi, etc. is made faintly alkaline with am¬ 
monia and 1 gram ammonium carbonate added and the solution boiled for 
five to ten minutes when the bi.siiiuth is jirecipitated as basic salt. To ensure 
solution of the copper, a few drops of free ammonia are added with stirring 
before filtering. The bi.smuth precipitate is filtered on a tared gooch, washed 
with water, dried and ignited to Bi 203 over Bunsen flame. 

BijOaX.SOCe-Bi. 

If the bismuth precipitate is dark after precipitation with ammonia and 
ammonium carbonate, it may be due to tellurium. If so, the filtered precipi¬ 
tate is dried, ignited and fused with caustic potash and sulphur to put the 
tellurium in a soluble form and thus remove tellurium from insoluble bismuth 
sulphide; or redi.ssolving in acid and reprecipitating as sulphides and washing 
the sulphides with KjS solution as before mentioned. 

This method is applicable to refined lead when larger portions are taken. 

‘ J. J. Mulligan. 
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Bismuth in Alloys' 

The alloy is dissolved in nitric acid, as little hydrochloric as possible, and 
10 cc. sulphuric, and run down to strong SOa fumes and proceed as for ores. 

Where bismuth is pre.scnt with considerable tin, the cementation of the 
bismuth with pure iron wire to free it from tin and then treat residue same as 
for ores and mattes, seems to l)e the best means for obtaining a bismuth pre¬ 
cipitation free of tin for control analyses. 

In the presence of considerable copper, the bismuth can be precipitated 
as basic carbonate, filtered and the impure basic precipitate treated wdth 
nitric acid and evaporated to fumes of sulphuric, the procedure is then the 
same as for ores and matte. 

Determination of Bismuth in Ores, Mattes' 

A qualitative test for lead and insoluble bismuth compounds on all products 
to be analyzed for bismuth is an important step with the removal of lead as 
sulphate as soon as perfect solution of the .sample is insured. 

For products containing from 1% to 2!}% bismuth, one gram portions are 
taken; for 50% or higher ^ gram portions arc weighed up. 

The weighed portion is transferred to a 2.50 cc. beaker and 25 cc. HjO and 
10 cc. concentrated nitric acid added, and where sulphur is present a few drops 
of bromine are added cautiously after acid has been allowed to act for a suf¬ 
ficient time. After all sulphur has gone in solution, boil down to dryne.ss on 
water bath or hot plate, 2 cc. of nitric acid and 1 cc. hydrochloric acid are 
added, then 10 cc. of sulphuric acid cautiously added, and the covered sample 
taken down on hot jilate to strong fumes of SO 3 . The cooled solution is diluted 
with 50 cc. water and 2 to 3 grams tartaric acid are added and the mixture 
brought to a boil. The residue containing insoluble lead sulphate, .silica and 
other insolubles are filtered and washed with 2 % solution of sulphuric acid 
to free re.sidue of soluble bismuth. 

The filtrate contains Bi, Cii, Sb, As, Te and a small amount of Pb may be 
in the solution. After standing for one-half hour or more, the solution is 
refiltered to remove any lead that may have gone through on first filtration. 

The clear solution containing bismuth is saturated with hydrogen sulphide 
gas for one-half hour. 

Filter sulphides on filter paper and wash with II-S water. If much iron 
is present the sulphides arc rcdissoivcd in nitric and sulphuric, taken to fumes, 
and the sulphide precipitation repeated. 

The sulphiiles are leached with a 10 % solution of K-S saturated with H 2 S 
gas to remove As, Sb, Sn, To and Se. The remaining sulphides containing 
Cu, Cd, Bi are dissolved in nitric acid and a little bromine water, bromine 
boiled off and solution made slightly alkaline with ammonia water and 1 gram 
of ammonium carbonate added. The solution is boiled for five to ten minutes 
and 1 cc. of ammonia is added and the basic carbonate filtered on a tared Gooch, 
ignited and weighed as Bi:Oi. 

BijOjX.8966 = Bi. 

' .T. J. Mulligan. 
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DETECTION 

Flame Test. Boric acid is displaced from its salts by nearly all acids, 
including even carbonic acid. Uixm ignition, however, it in turn drives out 
other acids w'hich are volatile at lower temperatures. A powdered borate, 
previously calcined, is moistened with sulphuric acid and a portion placed on 
the loop of a platinum wire is heated to exivl the sulphuric acid,' then moistened 
with glycerine and placcal in the colorless flame; a green color will bo imparted 
to the flame. Copper salts shouUl bo removed with lUS and barium ns BaSO* if 
present, as these also color the flame gretm. 

The flame test may be conveniently made by treating the powdered sample 
in a test-tube with sulphuric arid and alcohol (preferably methyl alcohol). A 
cork carrj'ing a glass tube is inserted and the te.st-tube gently wanned. The 
escaping gas will burn with a green flame. 

The test may bo made by igniting the mixture of pow’der, alcohol, and sul¬ 
phuric acid in an open porcelain dish. The green color will be seen in presence 
of a borate. The test is not as delicate ns the one with the test-tube. 

Borax Bead. Ka 2 B»O 7 - 10 [fj() fused in a platinum hsjp, swells to several 
times its original volume as the water of crystallization is being driven out, 
then contracts to a chair molten bead. If the bead is dipjKtd into a weak solution 
of cobalt and plunged into the flame, until it again becomes molten, the bead 
upon cooling will be colored blue. 

Turmeric Test. A few drops of acetic acid are added together with 2 
or 3 drops of an alcoholic turmeric! solution to an alcoholic extract of the 
sample, phacod in a porcelain dish. I'hc solution is diluted with water and then 
evaporated to dryness on the water bath. l/KKK) milligram of boric acid will 
produce a distinct color, 2/100 milligram will give a strong reddish-brown 
colored residue, which becomes bluish-black when treated with a drop of sodium 
hydroxide solution. 

ESTIMATION 

The determination of boron is required in the valuation of borax, 
NaifijOr-lOHjO; boracite, dMgB.tWMgOMgt'U; borocalcitc;, CaB.O,-611,0; 
hydroboracite; boronatrocalcite, etc., the clement being reported generally as 
the oxide, B,0,. The determination is required for obtaining the true value of 
commercial boric acid, in the analysis of fluxes .and certain pigments. It is 
determined as a food-preservative in milk, meat, canned goods, etc. The ele¬ 
ment is determined in certain alloys of nickel, cobalt, zinc, chromium, tungsten, 
molybdenum and in the analysis of steel. 

‘^licates should be mixed with potassium fluoride and potassium acid sulphate, 
KHSOa, then held in the flame. 

Chapter contributed by Wilfred W. Scott. 
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Preparation and Solution of the Sample 

It will be recalled that crystalline boron is scareely attacked by acids or 
alkaline solutions; the amorphous form, however, is soluble in concentrated 
nitric and sulphuric acids. Both forms fused with potassium hydroxide are 
converted to potassium metaborate. Boric acid is more readily soluble in pure 
water than in hydrochloric, nitric, sulphuric, or acetic acids, but still more soluble 
in tartaric acid (Herz, Chem. Zentr., 1!K)U, 1, 312). It is soluble in alcohol and 
volatile oils. Borax is insoluble in alcohol. With acids it becomes transposed 
to boric ai’id and the smlium salt of the acid. 

Boric Oxide in Silicates, Enamel, etc. About 0.5 gram of the finely ground 
material is fiisrsl with five times its weight of sodium carbonate, the melt extracted 
with water ami the extracts, containing the sodium salt of boric acid, evap¬ 
orated to small volume. The greater part of the excess sodium carbonate 
is neutralized with hydrochloric acid and finally made acid with acetic acid 
(litmus paper test = red). Boric oxide is now detcrmimxl by the distillation 
process according to the procedure given later in the chapter. 

Boronatrocalcite, Borocalcite, Boracite, Calcium Borate. Ten grams of 
the powdered material is jilaced in a flask with a reflux condenser and about 50 
cc. of normal hydrochloric acid added and the mixture boiled for half an hour. 
The contents of the flask, together with the washings, including those of the 
reflux condenser (('02-freo water being used), are filtered into a 500-cc. flask 
and made to volume with (Xij-free water. Fifty cc. of this solution is titrated 
with half-normal sodium hydroxide, using ])aranitrophenol indicator. When 
a yellow color appears the hydrochloric acid has been neutralized. A second 
50-cc. portion is now taken for analysis and the free hydrochloric acid neutral¬ 
ized with sodium hydroxide, using the amount of caustic reiiuired in the trial 
analysis (this time without .an inrlicator). Boric acid is now determined by titra¬ 
tion according to the proci'dure on p. 80. 

Borax, Boric Acid. Ten grams of the material are dissolved in about 
.300 cc. of water (fren* from CO.) and made to 500 cc. in a graduated flask, with 
pure water. One hundred-cc. ixrrtions are taken for analysis and the .solution 
titrated, in presence of mannitol or glycerol, according to directions given under 
the volumetric procedures. 

Boric Acid in Mineral Water. Water containing more than 0.1 gram 
Iwric acid [kt liter, about 200 cc. are eva|s)ratcd to small volume, the precipitated 
.salts are filtered off and washed. Boric aci<l posses into the filtrate and may lie 
determined by the distillation method of (looch given on p. 84. 

With water containing traces of boric aeid, 5 lihTS or more are evaixirated to 
alHiut one-tenth the original volume the precipitate filtered off and w.oshiMl with 
hot water. 'I'he filtrati' is I'vaisirated down to a moist residue. If the residue is 
small, it is acidified with acetic m id and the boric acid determined by distillation, 
as stated on p. 84. If considerable residue is present, hydrochloric .acid is added 
to acid naiction, and then the mi.vture digested with alxsolute .alcohol in a corked 
flask for ten to fifteen hours, with occasional shaking. The solution is filtered, the 
residue washed with 95*’(, alcohol, the filtrate diluted with water, 10 cc. of 10% 
sodium hydroxide solution adihal and the alcohol distilled off. A second alcoholic 



BOROl^ 


83 


cstfaction is generally recomtnended. The final alkaline solution is taken to 
dryness and gently ignited. The re.siduo is extracted with water, made acid with 
acetic acid and UjOa determined by distillation. 

Carbonates. The material is treated with sufficient acid (M. O. indicator) 
to liberate all the COs and react with the combined alkali of boric and carbonic 
acid; it is boiled in a flask with reflux condeitser to exiiel COj, ten to fifteen 
minutes, the .solution exactly neutralized with sodium hydroxide, (M. 0.), and the 
liberated boric acid titrated in presence of glycerol and phenolphthalein as usual. 

Boric Acid in Milk, Butter, Meat and Other Foods 

Milk.' One hundred ce. of milk is treated with 1 to 2 grains of sodium 
hyilroxide, and evaporated to dryness in a iilatinum dish. The residue is 
thoroughly charred ^ by gently heating; at this stage care must be exercised or 
loss of boric, acid will result; 20 cc. of water are addl'd, the sample heated and 
hydrochloric acid added drop by drop until all but the carbon has dissolved. 
The mixture is washed into a l(X)-cc. flask with as little water as possible, 0.5 
gram calcium chloride added, then a few drojis of jihenolphthalein indicator, 
tlien a 10% sodium hydroxide .solution until a slight permanent pink color 
is olitaincd and finally 25 ec. of lime water. (.Ml P20t is precipitated as calcium 
phosiihate.) The li(|uid is made to 100 cc., mixed thoroughly, and then filtered 
through a dry filter. To .50 cc. of the filtrate, e(|uivalent to 50 cc. of the milk 
taken, normal sulphuric^ acid is added until the i)ink color disappears, then 
methyl orange indicator is a<lded, followed by more of the standard acid until 
the yellow color changes to a fiiint junk. Carbon dioxi<le is expelled and the 
lilK'rated boriir acid titrabul in presence of glycerine, iiccording to the procedure 
given for evaluation of borax and boric acid, under “ Volumetrif! Determination 
of Boron.” 

Butter.’ Tw'onty-five gnims of butter are weighed out in a beaker and 25 
cc. of a sugar sulphuric acid mixture .adde<l. (Mix=ri grains sugar of milk, 
4 cc. normal suliihuric acid per 100 cc. of solution.) The b(!aker is placed in the 
oven (100° ('.) until the fat is melted and the mixture is thoroughly stirred. 
When the aqueous solution has settled, 20 cc. are pipetted out, phenolphthalein 
added, the .solution brought to boiling and half-normal sodium hydroxide added 
until a faint pink color is obtained. Ti'u cc. of neutral glycerine are added 
and the titration carried on until a porinara.nt pink color appears. The dif¬ 
ference between the two titrations multiplied liy the factor for equivalent boric 
acid gives the weight of boric acid in the portion taken. 

The determination is not affected by the phosphoric or butyric acid or by 
the sugar of milk in the butter. 

Meat.' Ten grams of the choppeil meat are mixed in a mortar with 40 to 
SO grams of anhydrous sodium sulphate, and dried in the water oven. The 
mass is powdered, then placed in a flask and 100 cc. of methyl alcohol added 
and allowed to stand for about twelve hours. The alcohol is distilled into a 
flask and saved. Fifty cc. more of alcohol are addeil to the residue and this 
again distilled into the first distillate. The distillates are made up to 150 cc., a 

‘ R. T. Thomson, Glasgow City Anal. Soc. Repts., 1895, J). 3. 

’The milk residue thoroughly charred will give a colorless solution upon extraction. 

* H. Droop Richmond and J. B. 1’. Harrison, Analyst, 27, 197. 

* C. Fresenius and G. Popp, Chem. Centr., 1897, 2, 69. 
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60-cc. portion diluted with 50 cc. of water and 50 cc. of neutral glycerine addpd 
with phenolphthalcin indicator, and the boric acid titrated with twentieth- 
normal sodium hydroxide. 

One cc. N/20 NaOH-=0.0031 gram boric acid, HiBOi. 

Boric acid in canned goods, sauces, cereals, etc., may be determined by 
evaporation of the substance with sodium hydroxide and incineration as in 
case of milk. The swlium hydroxide is neutralized and boric acid titrated as 
usual. 

GRAVIMETRIC DETERMINATION OF BORON 

The solubility of boron compoutids prevents complete precipitation by any 
of the known njagents, hence most of the gravimetric methods are indirect. 

Distillation as Methyl Borate and Fixation by Lime ‘ 

This excellent method, originally worked out by F. A. Gooch,' and later modi¬ 
fied by GfH)ch and .lones,’ de|)cnds upon the fact that the borates of alkaline 
earths and alkalies giv(^ up their boron in the form of the volatile methyl borate 
(5.p., (W C.), when th(\y are distilled with absolute metliyl alcohol (acetone- 
free). The methyl borate passed over lime in pre.s(!nce of water is completely 

saponified, the Unrated boric acid 
combining with the lime to form 
calcium Ixjrate, which may be dried, 
ignited, and w<‘ighed. The increase 
of the weight of the lime represents 
the BaO) in the sample. 

2B(OCH»),-|-CaO+6IL() 

=-f)CH.OH+Ca(BO,).-t-3H!0. 

Procedure. Abont 1 gram of pure 
calcium oxide is ignited to constant 
weight over a blast lamp and then 
transferred to the drj% Krlcnmeyer 
receiving flask (Fig. 8). The crucible 
in which the lime was heated and 
weighed is set aside in a desiccator for 
later use. 

0.2 gram or less of the alkali borates, 
obtained in solution by a procedure 
given under “Preparation of the Sam¬ 
ple,” is treated with afewdrops of litmus 
(or lacmoid), solution and the free al¬ 
kali neutralized with dilute HCl solution 
Fiq. 8 .—Distillation of Methyl Borate. added drop by drop. A drop of dilute 

sodium hydroxide solution is added and 
then a few drops of acetic acid. The slightly acid solution is transferred to the 

' T’roc. .\m. .\ead. of jVrts and Sciences, 38, 167-176 (1888). Anal. Chem., 
TieadwcU-HaU, Vol. 2. 

* See note on p. 75. 
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pipcttc-Bhaped retort R, Fig. K, by means of the attached funnel F, washing 
out the beaker and funnel with three 2- to 3-cc. portions of water. The stop¬ 
cock of the funnel is closed, the apparatus is connected up as shown in the illus¬ 
tration, the paraffine bath, heated to not over 140° C., placed in position and 
the liquid in the retort distilled into the receiver containing the known amount 
of lime. When all the liquid has distilled over, the paraffine bath is lowered, 
the retort allowed to cool for a few minutes, 10 cc. of methyl alcohol (acetone- 
free) added to the residue in R and the contents again distilled by replacing 
the paraffine bath. The process is rei3cated three times with methyl alcohol. 
The contents of the retort (whicli are now alkaline), are made distinctly acid 
by addition of acetic acid, and three more distillations made with 100-ec. portions 
of methyl alcohol, as before. Tlie paraffine bath is now removed, tlie receiving 
flask is stoppered, tlie contents thoroughly mixed by shaking, and set aside for 
an hour or more for complete saponilleation of the methyl borate. The con¬ 
tents are now poured into a largo platinum dish and evajioratod on the water 
bath at a temperature below the boiling-point of the alcohol. (Ixvss of boric 
acid will occur if the alcohol boils.) The adhering lime in the receiving flask 
is dissolved by wetting its entire surface with a few ilrops of dilute nitric acid 
(the flask being inclined and revolved to flow the acid over its sides). The 
contents are transferred to the dish with a little water and the evaporation 
repeated. No loss of boric acid will take place at this stage, the alcohol having 
been removed during the first evaporation. The resiilue is gently heated to 
destroy any calcium acetate that may have formed, the cisiletl borate and 
lime are taken up with a little water and transfcrrcfl to the crucible in which 
the lime was heated and weighed. The material clinging to the dish is dis¬ 
solved with a little nitric acid (or aecitic acid), atid washed into the crucible. 
The contents of the crucible are evaiwratcd to dryness on tin; water bath, then 
heated very gently over a flame (th(' crucible being covered) and finally more 
.strongly. The heating is eontinu(!il until a constant weight is obtained. The 
increase of weight of (lie lime represents the amount of U;Oi in the samnle. 

Notes. Gooch and Jones worked out a procedure which utilizes sodium tung¬ 
state as a retainer of the methyl borate, in phuw of the lime. 'I’his substance is 
definite in weight, not hydroscopic, soluble in water, and recoverable in its original 
weight after cvaimration and ignition. “Methods in Chem. .\iial.,” p. 204, Ist Ed. 
By F. A. Gooch, John Wiley & Sons, I’ublislicrs. 

The receiving flask has a cork stopper with a hole to accommodate the tube of 
the condenser and a slit to pennit the escape of air from the flask. 

Gooch recommends cooling of the receiving flask. 
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VOLUMETRIC DETERMINATION OF BORON 

Titration of Boric Acid in Presence of Mannitol or Qlycerol 
Evaluation of Borax 

The method takes advantage of the fact that boric acid reacts neutral to 
methyl orange (or paranitrophenol), but is acid to phenolphtluilein, and may 
be quantitatively titrateil in the presence of mannitol or of glycerol, which 
prevetit the hydrolization of sodium borate. If insufficiont mannitol or glycerol 
are present the color change takes place too soon, the color fading upon adding 
more of these substances. The end-point is reached when the further addition 
of those reagents produces no fading of the color. In the procedure, the alkali 
is neutralized in presenci! of methyl orange (or paranitrophenol), and the liberated 
boric acid is now titrated. 

Reacliont. NajH4()7+2HCI-(-.')Ifi() =2XaC;l-(-4HiH()j 
Il,l«)a + NuOIl =NaBO,-b2H,U. 

Procedure. One hundred cc. of the solution containing tlie borax, pre¬ 
pared according to directions und(!r “Preparation and Solution of the Sample,” 
equivalent to 2 grams of the substance, is taken for analysis. 

A. Titration of Combined or Free Alkali. Methyl orange indicator is 
added and the solution is titrated with normal or half-normal sulphuric acid 
until the yellow color is rephusxl by an orange red. (With paranitrophenol the 
solution Ixicomcs colorliiss.) From this titration the (smibincd alkali, together 
with any free alkali, is calculated. If fn* alkali is known to be absent (see 
note), the amount of borax may be calculated. 

One ec. N. HjSO, =0.031 gram Na-O, or =0.1011 gram NajB,O7-10HjO, 
or ""O.lOl gram Najn4()7. 

B. Titration of Boric Acid. The liberated boric acid may now l)c titrated 
with caustic. This may Ixi accomplislicd cither on the al)ovc ])ortion or on a 
fresh 100-cc. |iortiou (free from methyl orange indicator), to which the amount 
of acid, re()uircd to neutralize tlie alkali, has been added, h'ifty cc. of neutral 
glycerol or 1 gram of mannitol are addetl, followed by phenolphthalein indicator. 
Nonnal or half-normal sodium hydroxide is added from a burette until a change 
of color takes place. If methyl orange is present, the color, first becoming yellow, 
changes to an orange red. In absence of methyl orange the characteristic 
lavender or purplish pink of alkali phenolphthalein is obtained. More glycerol 
or mannib>l is now added and if the color fades the titration is continued until 
the addition of tlavsc n'agents no longer produces this fading of the end-point. 
From this titration boric acid is calculated and the eciuivalent borax determined. 

One cc. N. NaOlI =0.01)2 gram ILBOs, equivalent to 0.0505 Na7B407, or 

0.0955 NaiBA-lOHit). 

Factors. NajO to Xa7B,07 = 3.25,S1, reciprocal =0.301)9. 

Na,0 to NailbOj lOHjO =0.1038, reoip. =0.1622. 

NaiO to Na7t'Oj = 1.7097, rocip. =0.5,849. 

NaiO to NaiCOj-101170 = 4.0155, rceip. =0.2167. 

Notks. In borax (free from excess B 1 O 7 or NaiO), the acid titration is half the 
subsequent alkali titration (factor, acid to borax=0.1911, alkali to borax=0.0955), 
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If*(he acid titration exceeds this proportion, alkali other than that combined with 
hone acid is indicated; if the alkali titration is greater than twice the acid titration, 
free boric acid is indicated. 

The glycerol should be made neutral with N/10 NaOH before use, in case it con¬ 
tains free fatty acids. 

Mannitol is a solid and htw some advantages over glycerol;' it gives a sharper 
end-point, is less apt to contain free acids and does not appreciably alter the bulk 
of the solution to which it is added. (L. C. Jones. 0. N., 80, 65, 1899). 

N'.B. Paper on use of mannitol and glycerol in determining boric acid, by It. 
T. 'I’homson, J. S. C. 1., 12, 452. 

Kxamjile. By actual test 2 grams NajBiOr-lOH^O required 1(1.66 cc. N. HjS()» = 
10.66 X 0.1911=2.037 gram NajBJ)?-lOlljO. The liberated H>BOj required 21.39 
cc. of N. NaOH = 21.39X0.09,55 = 2.0-13 gram NajBjir-lOIIjO. The borax had lost 
a small amount of water of crystallization, hence the high results when calculated to 
.N'uJhOr-lOIlsO. 


EVALUATION OF BORIC ACID 

One hundred cc. of the solution, prepared as directed under “Preparation 
of the Sample,’’ equivalent to 2 grams of the original material, is treated with 
.at) cc. of glycerol or 1 gram of mannitol, and the acid titrated with standard 
causti<‘, in presence of plienoli)htl>al(un indicator according to the procedure 
givtm in li, under “Kvaluation of Borax.’’ 

One cc. normal acid contains 0.062 gram lIjBOj, hems* the cc. of caustic 
required multiplied by 0.062 =grama boric acid. 

Examples. Two grams lIiBOi by ai'tual test rcMiuinsl 32.1 cc. N. NaOII 
= 32.1 X.062 = 1.99 grams ILBOj. 

Detection of Minute Amounts of Boron. 

Robin’s Test for Boron. To a few drojis of the aqueous solul ion under examination 
(slightly acidified with 11(1) arc addisl two drops of a tincture of mimosa flowers, and 
the mixture evaporated to dryness on the water hath. 'I'he re.sidue i.s treated with 
dilute ammonia water, whereujion in preseiiee of boric aci<l, a rose pink to blood rsd 
color develops, acconling to the amount present. Jj. Robin cltiims that as little as 
().(KM)1 milligram may h(\ delcetetl in prtwems; of nitnites, chloridtw, iodides, or calcium 
.sulphate. Organic a'ciils and sotlium i)ho.sphat(! interfent. The n'agent is prejiared by 
extracting the mimosa flowers with ethyl alcohol. The extract is )>rotected from, the 
liglit. 

Distillation Method as Modified by Chapin 

Reagents' 

1. Paranilhrophcnnl. —One gram dissolvttd in 75 cc. of neutral ethyl alcohol and 
made up to 100 cc. with water. 

2. rheiiolnhthalein, —One gram dissolvwl in 1(K) cc. of ethyl alcohol and made up 
to 200 ee. with water. 

3. Hydrochloric Acid, 0.1 Normal. —The water shouUl be Imilixl to remove carbonic 
acid. 

4. Hydrochloric Acid, 1.1 Slrenyth. —dropping bulb should be fiUcsl with this acid 
when it is nocdml in accurate small amounts. 

5. Sodium Hydroiule, 0.5 and 0.1 Normal. —These should be standanlized as follows: 
Fuse pure boric aci.l in a platinum dish. While still warm break the inelt up and place 
the fragments quickly in a weighing tube. Dissolve 1.75 grams in 2.50 cc. of hot, 

• Bulletin 700, “The .\nalv.si8 of Silicate and Carbonate Rocks,” by W. F. Hillebrand. 
Department of the Interior, tl. S. Geolopflcal Surveys. 

’ Am. Jour. Sci., 4th ^r., Vol. 14, 1903, p. 19.5. 
recently boiled water, cool, and dilute the solution to .5tW cc. 'This solution is 01. 
normal—that is, in presence of mannite or glycerol 1 cm.* is neutralized to the phenol- 
phthalein end point by 1 cc. of O.l normal sodium hydroxide. 
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Id standardizing the sodium hydroxide against this solution both indicators should 
be used, so that the end may be the same as that seen in actual titration. Follow 
exactly the directions given under h, below, for the final titraetion, only assuming that 
the ^rie acid solution is exactly neutral to paranitrophcnol—that is, free from mineral 
acid. When sodium hydroxide is standardized in this way the small amount of carbonate 
present docs no harm. 

6 . Mannile .—This is preferable to glycerol, for it requires no special prcjiaration, 
d(X!S not materially increase the bulk of the solution to bo titrated, and gives an equally 
sharp end point. 

7. Methyl /IfcoAol.—This shoulil be distillerl over lime after it has been heated for 
some hours in contact with the lime under a reflux condenser. Tlie more nearly an¬ 
hydrous the alcohol is the better. 

8 . Calcium Chloride .—This should be granular, anhydroUs, and free from boron. 

Apparatus 

The main set up of the apparatus required is shown in Fig. 8a. 



A. Flask of 500 ce. capacity for nurthyl alcohol, having a U tube containing a little 

mercury ns a safety trap, and a ('aiiillary "boiling tube” 3 mm. in bore, the 
bore elosixl at 1 cm. from the lower end. 

B. Flask of 250 re. capacity, suiiporlisl in a I'nsserole of water but not touching the 

bottom. The outlet tube of B should be not less than 12 cm. in vertical height 
and of rather wide bore. The end inside the flask should be jagged to allow 
condensed liquid to droji back in.stead of jumping up the tube. 

C. Glass condenser, 40 ec. long, of tubing 3 cm. wide. 

D. Receiving flask of 250 cc. capacity. Two or three of these flasks should be at 

hand, with nreks iif sanie size, so that the receiver can be changed without 
interrupting the distillation. The small II tube attached contains a little water 
to nrevent the escape of any unrondensed methyl borate. 

E. (Not shown.) A second glass condenser like C, connecteel on the one side to a flask 

exactly' like B, which, however, has a stopper with only one hole and rests com¬ 
pletely within a large bath. The flask carries also a “boiling tube.” On the 
other side is a receiver like D, but without the U trap. Th's apparatus is used 
for distilling off the alcohol after the preliminary titration. 

F. (Not shown.) Filter pump. At the end of the side tube is an elbow tube connected 

to a rabber stopper with two holes and of a size to fit the flask mentioned in con¬ 
nection with E. The second hole of the stopper is closed by a glass plug, which 
can be withdrawn to break the vacuum. Midway between pump and stopper 
is a small safety bottle, to prevent the tap water from suckhig back the flAsV 
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Procedure 

Chapin used not more than half a gram of mineral powder for even very 
small amounts of boron, and not less unless the percentage exceeded 10. 
When the percentage is high it is best to so limit the weight of the sample that 
the of BsOa shall not exceed 0.1 gram. If a flux is used it should be weighed 
to within a milligram of two; then the amount of acid required to take up the 
melt can be measured out at once and there is no danger of using too great 
an excess. 

If the mineral is soluble in hydrochloric acid, transfer 1 gram of it to the 
flask H, without letting any adhere to the neck, and treat with not more than 
.') cc. tif 1 ; 1 hydrochloric acid. Heat gently on a water bath until solution 
is complete. 

If the mineral is not soluble, add to it exactly six times its weight of sodium 
carbonate or of an eciuimolecular mixture of .sodium and potassium carbonates, 
mix, and fuse in the usual manner. Without removing from the crucible, 
decompose tlie melt with 1 : 1 hydrochloric acid in calculated amount added 
by degrees. While this i.s being done the crucible should rest in a casserole, 
and tlie lid should be ke))t in place as much as possible. Toward the end it 
may be necessary to heat a little, but care should be taken not to boil, for 
boric acid would be lost with the steam. Pour the solution into the fl.ask B 
and rinse the crucible with a very little water. 

Then add ])ure aidiydrous calcium chloride, using about 1 gram for each 
cubic centimeter of solution and running it through a ])aper funnel to keep 
the neck of the flask clean. Twirl the flask .a little to allow the chloride to 
take up the water, connect it with the rest of the apparatus, raise the ca.sserolc 
beneath it until the flask rests in the water but does not touch the bottom, and 
then begin the ilistillation of the alcohol from the flask .1, taking care that the 
open end of the capillary “Ixiiling tube ’ is free from alcohol and that the 
U tube attached to the receiver is trai)ped with water. 

The decomposition flask, B, is not heated until about 2;) cc. of alcohol 
has condensed in it. After that the water bath is heated by a small flame and 
the flask thus ke])t hot enough to prevetit further condensation of alcohol. 
The distillation should not be so rai)id as to j)ermit escape of methyl borate 
from the system. 

When a distillate of about 100 cc. has collected the receiver is exchanged 
for a fresh one and the collection of a second distillate is proceeded w’ith. The 
contents of the traj) tube arc added to the first receiver, and a preliminary 
titration is made as follows: Add a few drops of paranitrophenol solution and 
run in the .standard sodium hydroxide until the indicator shows that the free 
mineral acid is neutralized. Next, add 1 cc. of the phcnolphthalein solution 
and contitiue the titration until the color of that indicatcjr begins tr> appear. 
The end point will not be sharp, but the amount of alkali used between the 
two end points indicates approximately the amount of boric acid in the distil¬ 
late. If the mineral is likely to contain more than 3 or 4% of BjOs use the 
0.5 normal solution, the object being to keej) the distillate as free from the 
water as possible and thus facilitate the dehydration later on. 

After completing the titration add to the distillate twice as much alkah 
as was used between the two end points, transfer the distillate to the second 
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distilling apparatus, and boil olT the alcohol. The addition of the indicated 
amount of alkali prevents loss of boron by converting unstable NaBOj to 
stable NajBO]. 

In the meantime the second distillate of 100 cc. will have collected. 
Unless the alcohol contained water or insufficient calcium chloride was used, 
this second distillate will C(jntain the remainder of the boron. Therefore, 
before removing the receiver stop the distillation. Treat the second distillate 
exactly like the first .and then add it to the first. 

If the amount of alkali used for titrating the second distillate is less than 
0.1 cc. of the 0.1 normal solution the distillation may be regarded as complete. 

When the li()uid from the alcohol is being distilled no lunger boils in the 
steam bath, remove it to a cas.serole, rinsing the flask once or twice with water, 
and heat over a direct flame, rotating the cas.serole while doing so, until the 
little remaining alcohol has been boiled out. The residue should now be small 
—about 2.5 CO. if 0.1 normal alkali was used and much less if 0.5. If the vol¬ 
ume is less than 25 ec. make up to that extent. 

Ileturn the solution to the flask and add drop by drop with constant 
twirling 1 : 1 hydrochloric acid from a dropping bulb, until the color of both 
indicators is discharged, taking care not to add a drop too much. Now put 
in the “boiling tube,” heat the flask in the steam bath for a minute or two, 
then attach to the filter immp and boil under reduced pre.ssure until the liquid 
is nearly cold and only an occasional bubble appears. 

All carbon dioxide being thus removed, break the vacuum, cool if necessary 
under the tap, and proceed to the final titration. 

First neutralize the excess of hydrochloric acid by running in carefully 
0.5 normal sodium hydroxide until the yellow of paranitrophenol just appears. 
Bring back to acid reaction with 0.1 normal hydrochloric acid and then to the 
appearance of a faint yellow with 0.1 normal alkali. The solution is now 
exactly neutral as the indicators itself shows this color in a neutral solution. 
Make sure that the end i>oint is reached exactly. One drop of 0.1 normal acid 
should discharge the color entirely. 

Now add 1 gram of mannite, read the burette, and continue titrating to 
the end point of i)hcnolphthalein. Add another gram of mannite, and if this 
causes a disappearance of the end color add more alkali until it reappears. 

The number of cubic centimeters of alkali used multiplied by its equivalent 
in terms of B-Oj gives tin; amount of the latter contained in the solution. If 
the solution of alkali is exactlj' 0.1 normal this equivalent is 0.0035. 

The changes of color that take place during the titration need mention. 
When the mannite (or glycerol) is added to the solution the yellow color due 
to the paranitroj)henol disappears at once. This is due to the fact that the 
combination of the.se reagents with the boric acid forms an acid of sufficient 
strength to affect the indicators, although boric acid alone does not. As the 
titration proceeds the color reappears and grows stronger, becoming very 
intense just before the phenolphthalein end point appears. The latter will be 
noticed as a faint brownish tinge, and then another drop of the 0.1 normal 
alkali changes it to an intense brownish red, which is the real end point. 
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Notes 

E. T. Allen and E. G. Ziez* tested the Chapin method very fully in its 
application to the determination of boron in glasses and regard it as far superior 
to other methods, even though it is subject to a slight but very uniform cor¬ 
rection of 1 milligram or less, to be determined by a blank run. The correction 
seems to be due always in part to a boron content of the reagents used and in 
I)art to a titration error. The fact that such correction is unavoidable makes 
the method of uncertain value for determining the very small amounts of 
boron that rocks may be presumed to carry, but the constancy of results is so 
great that a consistent e.xcess found over what the blank affords is strung evi¬ 
dence that boron is actually present. 

Allen and Zicz found the method to be .affected appreciably by relatively 
large amounts of arsenious acid but not by arsenic acid. The effect of the 
former can be eliminated by converting it to arsenic acid by oxidizing with 
hydrogen peroxide after making the solution distinctly alkaline with sodium 
hydro.xide. 

Allen and Ziez also found that relatively largo amounts of fluorides effect 
the accuracy of the method but do not seriously impair its usefulness for 
ordinary work. 

• “Analysis of Silicate and Carbonate Kocks,” by W. T. Hillcbrand, Bull. 700, 
U. S. Geol. Survey, 1919. 
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Br,at.wt, 79.912; ap.jir. 3.1883°; m.p. —7.3°; b.p. 58.7° C.; acMs, HBr, 

HBrO, HBrO, 

DETECTION 

Silver Nitrate Bolution precipitiites silver bromide, AgBr, light yellow, 
from solutions containing the bromine anion. The precipitate is in.soluble 
in dilute nitric acid, but di.ssolves with difficulty in ammonium hydroxide 
and is practically insoluble in ammonium carbonate solution (distinction from 
AgCl). 

Carbon Disulphide or Carbon Tetrachloride shaken with free bromine 
solution, or with a bromide to which a little chlorine water has been added, 
(a large excess of chlorine must be avoided, as tliis forms BrCl compound), will 
absorb the bromine and become a rcddLsh-yellow color, or if much bromine 
is present, a brown to brownish-black. In the latter case a smaller sample 
should be taken to distinguish it from iodine. 

Bromates are first rtshiced l)y a suitable reducing agent such as cold oxalic 
acid, sodium nitrite, hydrocliloric acid, etc., and the liberated bromine tested 
as directed almve. iS'tVrcr nitrale added to bromates in solution precipitates 
AgBK)i, which is decomiaiscd by hydrocliloric acid to bromine gas. 

Barium Chloride precipitates Ba(BrOj)s, which is reduced readily to bromine 
as directed above. 

Magenta Test for Bromine.' The test reagent is made by adding 10 cc. 
of 0.1% solution of magenta to UK) cc. of 5% solution of sulphurous acid and 
allowing to stand until colorless. This is the stock solution. Twenty-five cc. 
of this reagent is mixed with 2,5 cc. of glacial acetic acid and 1 cc. of sulphuric 
acid. Five cc. of this is used in the test. 

Test. Five cc. of the magenta reagent is mi.xed with 1 cc. of the solution 
tested, (’hlorine produces a yellow color. Bromine gives a reddish-violet 
coluratiou. The colored compound in each case may be taken up with chloro¬ 
form or carbon tetrachloride and a colorimetric comparison made with a 
standard. 

In halogen tnixes, iodine is first eliminated by heating with an iron per 
salt. Bromine is now lilicrated by adding sulphuric acid and potassium chromate. 
A glass red with a pendant droj) of siKlium hydroxide is held in the vapor to 
absorb bromine, and the drop then tested with the magenta reagent. After 
iodine and bromine are eliminated, chlorine may be tested by heating the sub¬ 
stance with potassium permanganate, which liberates this halogen. 

'0. DenigiSs and L. Chcllc. Ann. Chim. anal., 1913, 18, 11-15; The Analyst, 
1913, 119. 

Chapter contributed by Wilfred W. Scott. 
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ESTIMATION 

Bromine never occurs free in nature. It is found chiefly combined with 
the alkalies and the alkaline earths, hence occurs in many saline springs and 
is a by-product of the salt industry. It is found in silician zinc ores, Chili 
.saltpeter, in sea water (probably as MgBrj), in marine plants. Traces occur in 
coal, hence in gas liquors. 

The substance is used in metallurgy, the arts, and medicine. It is a valu¬ 
able oxidizing agent for the laboratorj-. 

Preparation and Solution of the Sample 

The following facts regarding solubility should be remembered: The ele¬ 
ment bromine is very soluble in alcohol, ether, chloroform, carbon disulphide, 
carbon tetrachloride, concentrated hydrochloric acid and in potassium bromide 
solution. One hundred cc. of water at 0° C. Ls saturated with 4.17 grams of 
bromine, and at .50° C. with 3.49 grams. The pre.sence of a number of salts 
increa.scs its solubility in water, e.g., BafMs, SrCh, etc. 

Note. The element isa dark, l)rowni.sh-red, volatile liquid, giving off adark reddish 
vapor with sulTocating odor, irritating the mncoii.s menmrane (antidote dil. NII«(1H, 
ethiT), very corro.sivc. Acts violently on hydrogen, sulphur, phosphorus, arsenic, 
antimony, tim the heavy metals, and on potassium, but has no action on sodium, 
even at 200° C. Hleaches indigo, litmus, and most organic coloring matter. It is a 
strong oxidizing agent, nromine displaces iodine from its salts, but is displaced by 
chlorine from its combinations. 

Bromides are .soluble in water, with the exception of silver, mercury, lead, 
and cuprous bromiiles. 

Bromates are soluble in water with the exception tif barium and silver bro- 
mates and some basic bromatt;s. 

Decomposition of Organic Matter for Determination of Bromine. The 
.stibstance is decomjjosed with nitric acid in presence of silver nitrate in a bomb 
combustion tube by the f’arius method described in the chapter on Chlorine, 
under “Preparation and Solution of the Sample ’’ The residue, containing 
the halides, is dissolved in warm ammonia watiT, and filtered, its stated. The 
filtrate and w.asbings are acidified with nitric acid, heated to boiling and the 
silver bromide .settled in the dark, then filtered through a weighed Clooch cru¬ 
cible, the washed precipitate dried at 130° C. and weighed as AgBr. 

In presence of two or tlmie halogens the lime method Ls recommended, as 
given in the chapter on chlorine, page 146. 

Salts of Bromine. The ready .solubility of bromides and bromates has been 
mentioned. A water extract is generally sufficient. Insoluble salts are decom¬ 
posed by acidifying with dilute sulphuric acid and adding metallic zinc. The 
filtrate contains the halogens. 
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SEPARATIONS 

Separation of Bromine from the Heavy Metals. Bromides of the heavy 
metals are transposed by boiling with sodium carbonate, the metals being pre¬ 
cipitated as carbonates and sodium bromide remaining in solution. 

Separation of Bromine from SUver (AgBr) and from Cyanides (AgCN). 
The silver salts are heated to fusion. The mass is now treated with an excess 
of ainc and sulphuric acid, the metallic silver and the paracyanogen filtered 
off and the bromine determined in the filtrate. 

Separation of Bromine from Chlorine or from Iodine. Details of the 
procedure for determining the halogens in presence of one another is given in 
the chapter on Chlorine, page L54. Tree bromine is liberated when the solu¬ 
tion of its salt is troiitiHl with chlorine. 

Separation of Bromine from Iodine.' The neutral solution containing 
the bromide and iodide is diluted to alxiut 700 cc. and 2 to A cc. of dilute sul¬ 
phuric acid, 1:1, added, together with about 10 cc. of 10% sodium nitrite, 
NaNOi, solution. (Nitrous acid gas may be passed through the solution in 
place of adding sodium nitrite, if desired.) * The solution containing the halides 
is Imiled until colorless and about twenty minutes longer, keeping the volume 
of solution alwve (kX) cc. 0.5 gram KI may be decomposed and the iodine 
expelled from the bromide in half an hour. The bromine is precipitated from the 
residue remaining in the flask by addition of an excess of silver nitrate and 
determinwl as silver bromide. 

The procedure for determining iodine is given in the chapter on this subject. 


GRAVIMETRIC METHODS 
Precipitation as Silver Bromide 

The general directions for determination of hydrochloric acid and chlorides 
apply for determining bydrobromic acid and bromides. 

I. Hydrobromic Acid and Bromides of the Alkalies and Alkaline Earths. 

Procedure. The bromide in cold solution is mode slightly acid with nitric 
acid and then silver nitrate added slowly with constant stirring until a slight 
excess is present. The nuxture is now heatiHl to boiling and the precipitate 
settled in ihe dark, then filtered through a weighed Gooch crucible, and washed 
with water containing a little nitric acid and finally with pure water to remove 
the nitric acid. After ignition the silver bromide is cooled and weighed as AgBr. 


AgBrX0.42.')6=Br, or X0.6337=KBr. 

II. Heavy Metals Present. 

If heavy metals are present it is not always possible to precipitate silver 
bromide directly. The heavy metals may be removed by precipitation with 
ammonia, sodium hydrf)xidc or carbonate and the bromide then determined 
in the filtrate as usual. 

' F. A. Gooch and .1. H. Ensign, Am. Jour. Sci., (3), xl, 145. 

• Nitrous acid gas is generated by dropping dilute H,S 04 , by means of a separatory 
funnel onto sodium nitrite in a flask! 
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VOLUMETRIC METHODS 

Free hydrobromic acid may be titrated with standard alkali exactly as is 
ilescribcd for the determination of hydrochloric acid in the chapter on Acids. 
One cc. normal caustic solution is equivalent to 0.08093 gram HBr. 

Determination of Free Bromine. Potassium Iodide Method 

The method depends upon the reaction KI+Br =KBr+I. 

Procedure. A measured amount of the sample is added to an excess of 
pota.ssium iodide, in a glass-stoppered bottle, holding the point of the delivering 
burette just above the potassium iodide solution. The stoppered bottle is 
then well shaken, and the liberate<l iodine titrated with standard thiosulphate 
solution. 

One cc. of N/10 thiosulphate, Na^SlO) =0.007992 gram Br. 


Determination of Bromine in Soluble Bromides. Liberation of 
Bromine by Addition of Free Chlorine 

When chlorine is added to a colorless solution of a soluble bromide, bromine 
is liberated, coloring the solution yellow. At boiling temperature the bromine is 
volatilized, the liquid becoming again colorle.ss. When the bromide is completely 
decomposed and bromine expelled, further addition of chlorine produces no color 
reaction. KBr-|-Cl =KCl-t-Br. 

Procedure. The solution containing the bromide is heated to boiling and 
standard chlorine water added from a burette (protected from the light by 
being covered with black paper), the tip of the burette being held just above 
the surface of the hot bromide solution to prevent loss of chlorine. The reagent 
is .added in small portions until finally no yellow coloration is produced. From 
the value per cc. of the chlorine reagent the bromine content is readily calculated. 

Standard Chlorine Water. The reagent is made by diluting 100 cc. of 
water saturated with chlorine to .500 cc. This solution is standardized against 
a known amount of pure imtassium bromide (dried at 170° O.), the same 
amount of bromide being taken as is supposed to be pre,sent in the solution 
examined. The value per cc. of the reagent is thus established. 

Silver-Thiocyanate-Ferrlc Alum Method. (Volhard) 

The procedure is the same as that u.sed for the determination of chlorine. 
The bromide solution is treated with an excess of tenth-normal silver nitrate 
.solution, and the excess of this reagent determined by titration with ammonium 
thiocyanate, using ferric alum indicator. One cc. of the thiocyanate should be 
equivalent to 1 cc. of silver nitrate solution. The formation of |he red ferric 
thiocyanate indicates the completed reaction, ((.'onsult the procedure in the 
chapter on Chlorine, page 149.) 

One cc. of N/10 AgNO. =0.007992 gram Br. 
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Determination of Traces of Bromine 

By means of the magenta reagent, described under “Detection,” small 
amounts of brotnine may be determined colorimetrically. 

To 5 cc. of tlic solution is added 0.2 cc. of strong hydrochloric acid, 1 cc. 
of concentrated sulphuric acid, 1 cc. of the .stock magenta reagent and 0.2 cc, 
of a 10% solution of potassium chromate, shaking the mixture with addition 
of each reagent, and without cooling, 1 cc. of chloroform is added. Comparison 
is made with a standard .satnple containing a known amount of bromide.* 

Notk. a solution containing 0.001 gram bromine per liter has a violet to reddish- 
violet color. 


Determination of Bromates by Reduction with Arsenous Acid 
and Titration of the Excess ® 


Bromic acid may bo reduced bv arsenous acid in accordance with the reac¬ 
tion 3H)Aatb-f-IlBK).=;iH,A,s().+ llBr. In the proce.ss a considerable excess 
of arsenous acid is added, the excess titrated with iodine and the bromate 
calculated. 

Procedure. The sample of bromate, di.s.solved in water, is treated with a 
considerable excess of N/IO arsimons oxidc! (di.ssolved in alkali hydrogen car¬ 
bonate) reagent, the solution then acidified with 3 cc. to 7 cc. of dilute sul¬ 
phuric acid (1 : 1) and diluted to ii volume not exceeding 200 cc. After boiling 
for ten minutes, the free acid is neutralized with alkali hydrogen carbonate 
(NallCOa or KIK'O,) and th(> excess of arsenite titrated with N/10 iodine. 

Ix’t X ec. equal the dilTerence between the two titrations with N/10 iodine (i.e. 
of total nr.«!nito minus excess arsenite) .and w equal the weight of bromate de¬ 
sired, then 


w = 


'x cc.Xmol. wt. HBrOA 
:.(iXIOXUKKr 


s. 


ANALYSIS OF CRUDE POTASSIUM BROMIDE AND 
COMMERCIAL BROMINE 

Determination of Chlorine, Combined or Free 

This is the principal impurity iire.-sent and its estimation is concerned here. 
Andrews’ modification of Bugarszk’s method ’ is as follows: 


■ G. Deiugt*s and b. Chcllc, Ann. Ghein. anal., li)i;j, 18-1.5; Analyst, 191.3, p. 119. 
I * **w'*‘'w of the nmgetita reagent it in {Mxssihto to dotoct bromine in the ash of 

plants, boot root, spmachr Otc. I ho or^inic substanco may i )0 decomposed by hoating 
iMltor paiKT rnoistonod with ilio n*agpnt and held in the fumes 


m a combustion tut)c. 

of the organic aubstances gives the charucteri.stic test if Imimine is present. 

Method of I. K. (jooch and J. C. Blake, Am. Jour. Sci., 14, Oct., 1902. Pro- 
cixlure communicated to the Editor hv Prof. Gooch. 

»Jour. Am. Clicm. Soc., 1907, 29,'27.5-283; Zeits. aiiorg. Chem., 1895, 10, 387. 
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, Procedure. The following amount of sample and reagents should be 
ta\en. 


Approx. p'T pent. Impurity 
' if KCl Present is 

Amount flubstance to 
Taken, Oram. 

Iodate Solution 1/5 N. 
Required: cc. 

tN. UNO* Required, 
cc. 

Over 5 

0.6 

36 

20 

1.5 to 5 

1.8 

96 

26 

0.2 to 1.5 

3.6 

186 

35 


The mixture is gently heated to boiling in a long-necked Kjeldahl flask, 
inclined at an angle of 30°, potassium iodate solution adde<l, then nitric acid 
and sufficient water to make the volume about 2M cc. The boiling is con¬ 
tinued until bromine is expelled (test steam with 2% KI solution rendered 
faintly acid with hydrochloric acid). The mixture is boiled down to not below 
90 cc. Now 1 to 1.5 cc. of 25% phosphorus acid are added and the mixture 
boiled for five minutes afbir all tlic iodine has been expelled. The colorless 
li(|uid is cooled, mixed with a slight excess of 1 /20 or I /50 normal silver nitrate 
■solution (aectording to the proportion of chloride), the excess of silver nitrate 
then determined by titration with standard thiocyanate with ferric nitrate as 
indicator. (Sec procedure for silver-thiocyanate-ferric alum method of Volhard 
for determination of chlorine, page 149.) 

Determination of Chlorine In Crude Bromine 


Three grams of bromine (or more if less than chlorine is present) in 

.50 cc. of 4% potassium iodide solution in a glass-stop[x?red flask (cooled in ice 
during hot weather) arc shaken and tlien transferred to a Kjeldulil flask. Sixty 
cc. of 1/5 N. KIOj solution and 24 cc. 2N. UNO, introduced, the solution 
diluted to 2.50 cc. and chlorine determined as directed above. 

Ail commercial bromine contains chlorine. The U. S. Bureau of Standards 
determines the specific gravity of the two. 

Determination of Bromine in Mineral Waters in Presence of 
Iodine. Separation from Iodine 

The method of Baughman and Skinner (U. S. Bureau of Chemistry) is as 
follows; 

The neutral or slightly .acid sample, which shouhl contain not more than 
0.1 g. bromine, or 10 g. total salts, is introduced into the distillation flask and 
adjusted to a volume of approximately 75 cc. One and a half to 2 grams of 
ferric sulphate are added, the liberatc(l iodine distilled with steam into 100 cc. 
of potas-sium iodide solution (10 g. KI per 100 cc.). The potassium iodide 
solution may be titrated with sodium thiosulphate solution, to determine the 
iodine. The bromine is determined in the liquid remaining in the distillation 
flask. 

Determination of Bromide in Mineral Waters and Brines' 


Bromine occurs combined as bromide in natural and artificial brines, asso¬ 
ciated frequently with small amounts of iodide. Bromine may be obtained in 
the mother liquor or “bittern,” a by-product in the manufacture of common 
salt. The following procedure for evaluation of these brines for their bromine 
content was developed by W. P'. Baughman and W. W. Skinner, U. S. Bureau 


of Chemistry. 


' J. Ind. Eng. Chem., 11, 954-959 (Oct., 1919). 
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Apparatus. Three tall form, 250 cc, glass stoppered Dreschsel gas washiTg 
bottles or cylinders arc joined together in series, the first two are joined by 
welding together the outlet tube of the first and the intake tube of the second, 
and the second and third by rubber tubing, bringing the ends of the glass 
tubing in contact with each other. The drawing Fig. 86 shows the details 
of the apparatus. 

Procedure. “Evaporate the sample of water or brine, which should not 
be acid (if necessary add a small amount of sodium carbonate), to dryness or 
nearly so. Charge the reaction cylinder by introducing first glass beads to a 

depth of about 1 in., then as 
much of the sample as can 
be scraped in, and finally 
enough glass beads to fill the 
cylinder half full. Make a 
solution of sodium sulphite 
and sodium carbonate of such 
a concentration that 25 cc. 
will contain 1 g. of sulphite 
and 0.2 g. of carbonate. Add 
20 cc. of this solution to the 
first absorption cylinder, 5 cc. 
to the second, and dilute each 
to approximately 200 cc. 
Connect the three cylinders 
and draw througha slow cur¬ 
rent of air. Add 15 g. of 
chromic anhydride dissolved 
in 10 to 12 cc. of water to the 
reaction cylinder, followed by 
washings from the evaporat¬ 
ing dish which contained the sample, sufficient to bring the total volume added to 
about 25 cc. Aspirate until the contents of the reaction cylinder are in solution 
and thoroughly mixed, then discontinue, clo.se the inlet tube with a small 
piece of rubber tubing and a clamp, and reduce the pressure in the apparatus 
slightly by sucking out some air in order to guard against any possible escape 
of bromine at the ground glass stopi)er. Allow to stand overnight, then 
aspirate with a rather strong current of air (about J to J 1. per min.) for three 
hours, adding four 2 cc. portions of 3 per cent hydrogen peroxide at thirty 
minute intervals. Stop the aspiration and evaporate the contents of the 
two absorption cylinders nearly to dryness. Clean out the reaction cylinder 
and freshly charge, with glass beads and 15 g. chromic anhydride. Into the 
first absorption cyliinler, put 10 g. potosium iodide, dissolved in 200 cc. of 
water, and into the second 3 or 4 g. in a like amount of water. Connect the 
apparatus, draw through a slow current of air, and transfer the contents of the 
evaporating dish to the reaction cylinder by means of a small funnel, using 
25 CO. of water. Aspirate with a rather strong current of air until all the 
bromine is evolved (about 1 hour) and titrate the potassium iodide solution 
with thiosulphate." 

Chromic acid in concentrated solution liberates bromine from bromides 
quantitatively at room temjwrature. 

Iodides should be removed if present in appreciable amount. 
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CADMIUM 

Cd, at.wt. 112.41 sp.gT. 8.642; m.p. 320.9°; b.p. 778° C.; oxide CdO. 

DETECTION 

Cadmium is detected in the wet way by precipitation as the yellow sulphide 
ly liydrogen sulphide from an acid solution. It is distinguished from arsenic, 
lutimony and tin (stannic) by the insolubility of its sulphide in ammonium 
lydroxide or colorless ammonium sulphide; from tin (.stannous) by its in¬ 
solubility in yellow ammonium sulphide; and from mercury by its solubility 
ill hot nitric acid. The separation of cadmium may be made from lead since 
’admium sulphate is soluble in dilute sulphuric acid while lead sulphate is not; 
rom bismuth since ammonium hydroxide precipitates bismuth hydroxide but 
lolds caihnium in solution, and from copper by passing hydrogen sulphide into 
ho solution containing potassium cyaniile which prevents the precipitation of 
lopper sulphide but not cadmium sulphide. 

The detection of cadmium may be made in the dry way through the tube 
;est. This test is carried out in the following manner. A piece of hard glass 
tubing of about .5 mm. bore is sealed at one end. From 200-400 milligrams 
)f the fine dried ore is mixed with a reducing agent as dry powdered charcoal 
ind introduced into the tube.* The tube is heated just above the mixture of 
ire and reducing agent and drawn out to a capillary of about 1 mm. diameter. 
The end of the tube containing the mixture is now heated in the blast lamp 
ind the cadmium together with zinc, arsenic, antimony, etc., is volatilized and 
londensed in the capillary in the form of separated rings. The cadmium ring 
is detected from the others by introducing a little powdered sulphur into the 
tube and heating so that the sulphur vapor pa.s.scs over the rings. The cad¬ 
mium is converted to sulphide and appears red while hot and yellow while 
cold. Very small amounts of cadmium may be detected in this way and it is 
possible with experience to estimate, from the appearance of the ring, either 
metallic or sulphide the amount of cadmium present. See Fig. 8c page 102. 

Cadmium. Brilliant Spectrum of Green and Blue Lines. 

Blowpipe Tests. Heated on charcoal in the reducing flame, cadmium gives 
a brown incrustation which is volatile. 

ESTIMATION 

Cadmium occurs in small quantities in practically all zinc ores and is found 
in most spelters and commercial zinc materials as sheet zinc, zinc oxide, etc. 
In ores it occurs usually as the sulphide; the rare mineral grecnockite being 
CdS. The metal cadmium is largely obtained as a by-product from zinc 
smelting. It is used in certain alloys, as trial plates for silver coinage and more 
recently in substitutes for tin base-bearing metals. Precipitated yellow 
cadmium sulphide is used as a paint pigment. 

* AH metals present in the ore must be in the oxidized state. Sulphide ores must be 
carefully roasted before using in this test. In the case of metallic substances, however, 
no reducing agent is necessary. 

Chapter contributed by L. S. Holstein and L. A. Wilson. 
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Cadmium is determined, after separation from other elements, by weigipng 
as the sulphide or as the metal following electrolysis, As it usually occurs in 
small quantities in the presence of large quantities of zinc, several precipitations 
with hydrogen sulphide are necessary and the methods must be followed in 
close detail to obtain accurate results. The determination of cadmium is 
necassary in case of si)elters sold under specified rejection limits, in ores pur¬ 
chased and to bo smelted for such spelter, and in other zinciferous material 
where cadmium is deleterious to the finished product. The methods to be 
used for the determination of cadmium in spelter is given under the chapter 
on zinc. 


Preparation of Sample 

Samples of metals, ns spelter, cadmium metal, bra.ss, etc., should be in 
the form of drillings, sawings or pourings, taken in a proper manner to be 
representative of tlu; lot and of suHicient fineness to preclude against a non- 
representative sample being weighed for analy.sis. The .samples of ore or fine 
material should be ground to juiss a 100-mesh screen. Metallics, if also present, 
arc kept separate from the fine mat(M’ial which i)asses through the screen, and 
in weighing out the sample, proportional amounts of each are taken. 


SEPARATIONS 

Removal of Silica. Evaporate with hydrochloric acid or sulphuric acid, 
and filter off the dehydrated silica, using suction. 

Removal of Lead. Evaporate to fumes with sulphuric acid, cool, take up 
with water, warm until all soluble sidts are dissolved and allow to stand until 
all lead sulphate settles, lly using sulphuric acid to dehydrate the silica, 
lead and silica may la? separated together. 

Separation from Ammonium Sulphide Group, Except Zn, Alkaline Earths, 
and Alkalies. The solution from le.ad and silica .separation containing 12 cc. 
sulphuric acid (1:1) per 11)0 cc. of solution is saturateil cold with hydrogen 
sulphide, pa.ssing a. steady stream for 2l)-;i0 minutes, and after the first 5 
minutes adding a drop of ammonium hydro.xide until zinc sulphhie precipitates 
in quantity. It is necessary to add ammonium hydroxide to bring down zinc 
in order to assure tim complete precijiitation of cadmium. The precipitate 
of sulphides is filtered off and waslu'd with cold water. 

Removal of Arsenic, Antimony and Tin. The precipitate on the filter is 
washed with ammonium hydroxide or colorless ammonium sulphide, dissolving 
out the arsenic, antimony and tin (stannic). If tin in the stannous condition 
is found to bo present, yellow ammonium sulphide must be u.scd. Arsenious 
sulphide is practically insoluble in the hydrochloric acid used in dissolving the 
cadmium sulphide. Antimonious sulphide is also only slightly soluble, so 
that these sulphides remain behind in carrying out the analysis. 

The sulphides of tin, however, are soluble in the hydrochloric acid and 
must be removed before the final precipitation of cadmium sulphide. 
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• Removal of Bismuth, Copper and Merctuy. Bismuth is not removed in 
Llie course of analysis as its sulphide is soluble in hydrochloric acid and hence 
it must be removed by precipitating with ammonium hydroxide before the 
lliial precipitation of cadmium is made. Copper sulphide is, however, prac- 
lically insoluble in the hydrochloric acid used and remains behind when dis¬ 
solving the first precipitations of cadmium stdphide, so tliat the use of pota.s.siuin 
•yaiiide need seldom be resorted to mercuric sulphide is practically insoluble 
ill cold hydrochloric acid (1 : 2) and is left behind in carrying out the analysis. 

Separation from Zinc. Cadmium is separated from the accompanying zinc 
liy successive precipitations with hyilrogen sulphide, each time bringing down 
less zinc, until finally only cadmium is precipitated. In the presence of a 
large quantity of zinc it is not possible to iirecipitatc all cadmium with the 
acidity required to prevent the precipitation of any zinc sulphide. 

GRAVIMETRIC METHODS 
Determination as Cadmium Sulphide 
Procedure for Ores 

A 10 gram sample of the finely ])ulverized ore is weighed out into a 400 cc. 
beaker, moistened with water and .lO cc. of aqua regia carefully added.' When 
violent action has stopped, the beaker is jilaced on a warm iilate to complete 
decomposition. The cover glass and sides of beaker are washed down with 
water, 25 cc. of sulphuric acid (1 : 1) added and evaporation carried to fumes. 
Water (100 cc.) is added, boiled until all soluble salts are di.ssolved, and the 
re.sidue filtered off, and washed, using suction. 

A steady stream of hydrogen sulphide is passed through the filtrate, which 
should have a volume of apiiroxiniately 300 cc. for 30-10 minutes. After 
all iron in solution has been reduceil, amiaonium hydroxiile is atbled 1 cc. at a 
time until a heavy preci))itation of zinc sulphide has taken place.- The pre¬ 
cipitate is allowed to settle, the clear solution decanted and finally the bulk 
of the precipitate transferred to a 15 cc. pajier, and washed with cold water. 
The sulphides on the pa])er are dis.solved with hydrochloric acid (1:2) catching 
the solution in a clean beaker. -Vny iiri'cijiitate adhering to the sides of the 
original beaker is al.so dissolved off and ))oured into the filter. After all zinc 
sulphide has been dissolved, the paper is washed three more times with the 
hydrochloric acid.’ To the solution 15 cc. of sulphuric acid is added and 
evaporation carried just to fumes. Water is added (200 cc.) and hydrogen 
sulphide pas.sed through as before. Ammonium hydroxide should be added 
one drop at a time, only to start the precipitation of cadmium sulphide. This 
precipitate is filtered off, rcdissolved as previously and a third iirijcipitation 
made.* Before making the final precipitation, the solution should be allowed 

' In the case of oxidized ores, hydrochloric acid alone may be used, although it is 
well to use a little nitric acid also. . . 

* The solution should always be sufficiently acid so that no iron etc. nrccimtates. 

•This strength of acid wifi leave on the pajK-r us an insoluble residue all the As, 

Cu. and Hg, most of the Sb, and some of the Bi and .Sn. The second precipitotion of 
CdS should free the Cd of the rest of the Sb, but not the Bi or Sn. 

* It is necessary to make three or even four precipitations of cadmium sulphide in 
order to free it completely of zinc. 
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to stand, and any lead sulphate filtered off. The final precipitate of cadnyum 
sulphide is filtered on a weighed Gooch crucible. 

The cadmium sulphide on the Gooch crucible need only be washed once 
or twice, if at all, as it usually receives sufficient washing in the transfer to the 
crucible, and in the scrubbing and washing out of the beaker. After drying at 
110” C. for 1 hour, the crucible is cooled, weighed and the cadmium calculated 
from the difference in weights. 

CdSX.778 = Cd. 

It is seldom that bismuth and tin will be encountered in making a deter¬ 
mination for cadmium so that the procedure for removing these elements need 
rarely be used. Cadmium sulphide precipitated from sulphuric acid is bright 

yellow to orange. If the 
precipitate is brown in 
color, bismuth and tin 
should be looked for and 
removed. 


Determination as 
Sulphate 

The final precipitate of 
cadmium sulphide is dis¬ 
solved with hydrochloric 
acid, and evaporated to 
dryness in a weighed plat¬ 
inum crucible or dish. A 
slight excess of dilute sul¬ 
phuric acid is poured over 
the residue and evaporated 
over a steam bath or warm 
plate. The excess of sul¬ 
phuric acid is driven off 
by heating in an air bath, 
or in a muffle heated be¬ 
low a dull red heat. For 
an air bath, the crucible or dish may be placed in a larger vessel, and this 
outer vessel heated to redness. CdSOi X 0.5392 = Cd. 

Electrolytic Determination of Cadmium 

The final precipitate of CdS is dissolved and the cadmium determined 
eleotrolytjoally ns given under cadmium in spelter, (Chapter on Zinc, or if the 
amount of cadmium is largo the electrolytic determination is best carried out 
with a potassium cyanide electrolyte. The hydrochloric acid solution of 
cadmium, after separation of interfering elements is taken to fumes with 
sulphuric acid, a drop of phenol phthalem nd<lcd for indicator, and a pure 
solution of sodium hydroxide added until a permanent led color is obtained. 
A strong solution of potassium cyanide is added drop by drop until the cad¬ 
mium hydroxide just dissolves, avoiding any excess. The solution is diluted 
to 100 cc. with water, electrolysed cold using a gau/e electrode with a current 
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o4 0.5-0.7 ampere and voltage of 4.8-5.0. At the end of 5-6 hours the current 
is increased to 1-1.2 amperes and electrolysis continued for an hour more. 
The electrode is removed from the solution the instant the current is broken 
and immediately washed with water, followed by alcohol and ether. After 
drying at 100° C., the electrode is cooled and weighed. Prolonged heating 
of the deposit should be avoided. 

Rapid deposition can lie effected by means of the rotating anode (OIX) revolutions 
[kt minute). The solution of cadmium sulphate containing 3 cc. of HsS 04 (1 : 10) 
|M‘r 150 cc. The solution, heated to boiling, is electrolyzed with a current of N.D.m 
= 5 amperes, E.M.F. =8-9 volts. Fifteen nunutes is sufficient for the deposition 
of .5 gram of cadmium. 

Notes. Before washing and discontinuing the current, it is advisable to add 
a little water to raise the level of the li(|uid and continue the electrolysis to ascertain 
whether the deposition is complete. ... ... , .u- 

Traces of cadmium may be estimated m the above solution by saturating thu 
with IljS and comparing the yellow-colored colloidal cadmium sulphide solution with 
a known quantity of c^mium and the same amounts of potassium hydroxide and 
cyanide as in the solution tested. 


VOLUMETRIC DETERMINATION OF CADMIUM 


Titration of Cadmium Sulphide with Iodine.* 

The titration of cadmium sulphide with standard iodine in a hydrochloric 
acid solution is the same as the procedure given for determination of sulphur 
by the evolution method, the following reaction taking place: 

CdS-|-2HCl-l-l2 =CdCl,+2HI-f-S. 


Procedure. Cadmium having been isolated as the sulphide accordit^ to 
the standard procedures given, the precipitate is washed and allowed to dram 
on the filter. The filter, together with the sulphide, is placed in a beaker 
or an Erlenmeyer flask, water added, and the whole shaken to break up the 
precipitate. A moderate quantity of hydrochloric acid is adiM and the solu¬ 
tion titrated with standard N/5 or N/10 iodine solution. Towards the end 
a little starch solution is added and the titration continued until the excess 
of iodine colors the solution blue. If preferred, an excess of iodine ^lut«>n 
may be added and the excess determined by a back-titration with standard 
thiosulphate solution. 

One cc. N/10 iodine =0.00562 gram cadmium. 


1 Triopfm-Anslvais E F. Smith. P. Blakiston’s Son & Co. Pub. 

»P CZ a C-.28.23) transfers the nrecipitate and filter to a ^pper^ 

flask exwk toe air with CO. and by boiling and then titrates in an hydrgchlonc acid 
solution.** Experiments by the author have shown this caution to be unnecessary. 
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Ca, af.irt. 40.07! »p.gr. 1.6446*’'’! m.p. 810°‘C.! oxide, CaO 

DETECTION 

In the usual course of qualitative and quantitative analysis calcium passes 
into the filtrates from the elements precipitated by hydrogen sulphide in acid 
and alkaline solutions (Ag, Jig', Jig", I’l), Cu, Cd, As, Sb, Sn, Fe, Cr, Al, Mn, 
Ni, Co, Zn, etc.), and is pnsnpitutcd from an ammoniacal solution by am¬ 
monium carbonate as calcium carbonate, along with the carbonates of barium 
and strontium. The .separation of calcium from barium and strontium is con- 
sidcnKl under Stiparalions. The oxalate of calcium is the least soluble of 
the alkaline-earth group.’ All, however, are soluble in mineral acids. Calcium 
oxalate may be precijiitatcd from weak acetic acid solution by ammonium 
oxalate. 

Flame Test. The flame of a Ilunsen burner is colored yellowish red when 
a platinum wire containing calcium salt moistened with c.incentrated hydrochlo¬ 
ric acid is held in the flanu!. 

Spectrum. An intensi! orangi! and green line with a less distinct violet 
line. Note chart of the sin^etra of the alkaline earths. I’late II. 

See chapter on llarium under Scparation.s—Preliminary Tests, page 58. 

ESTIMATION 

The dctennination of calcium is re(|uircd in complete analyses of ores. It 
is of special importam^e in tlw; analysis of mortar, cement, blehching powder, 
irlaster of Paris, certain jraint iiigments such as phosphorescent paint, CaS. 
The determination is required in the analysis of water. 

Calcium occurs in the following suljst.ances: as carbonate in limestone, 
marble, chalk, Iceland spar, shells, coral, [Mxirl. Together with magnesium it 
is found in dolmnite. It occurs sis sul|)hate in anhydrite, gypsum, alabaster, 
selenite; as silicate in the mineral wollastonite, ('hiSiOj; lus phosphate in phos¬ 
phorite, Caj(P 04 )i, also in bones and in apatite, SthVifFthlj-CaFi; as fluoride 
in fluorspar, CaFi. As oxalate it occurs in jdant cells. It is found in nearly all 
mineral springs, arte.sian wells, and river waters, principally as bicarbonate of 
calcium, CaHCO). 

Preparation and Solution of the Sample 

The oxide, hydroxide, and salts of calcium are soluble in acids with the 
exception of gypsum and certain silicates which require fusion with sodium 
carboij^te or bicarbonate followed by an hydrochloric acid extraction. 

‘Cw35 (2d £d.) U. 8. Bureau of Standards. 

>S«biIity: CaC |04 Hi0=0.000554 gramiwr 100cc. H,0. BaC,0. 11,0 =0.0093 
gram. SrCj04-H«0«>0.0051 gram. Mg(^042II,0=0.07 gram. 

Van Nostrsnd’s Chem. Annual—Olsen. 

Chapter contributed by Wilfred W. Scott. 
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. Solution of Limestones, Dolomites, Magnesites, Cements, Lime, etc. 

One gram of tlio powdered material is digested in a 250-cc. beaker with 
20 cc. of water, 5 cc. of eoncentrated hydrochloric acid, and 2 or 3 drops of 
nitric acid (sp.gr. 1.42). The beaker is covered to prevent loss by effervescence. 
When the violent action has subsided, the .sample is placed on a hot plate and 
boiled for a few minutes. The watch-glass is rinsccl into the beaker and the 
solution filtered. The residue is washed, dried and ignited in a platinum cru¬ 
cible, and then fused with a little sodium carbonate or bicarl)onatc. The ctwled 
fusion is dis.solvcd in hot dilute hydrochloric acid, the liquid added to the main 
solution and calciunr determined by precipitation as calcium oxalate, after removal 
of silica, iron, alumina, etc. 

Solution of Gy^um, Plaster of Paris, and Sulphates of Lime, etc. The 
treatment of the sample is similar to the one given above with the exception 
that it is advisable to add a larger amoutit of strong hydrochloric acid, e.g., 
about 20 to 25 cc. If barium sulphate is pnwent it is indicated by the clouding 
of the solution, u|)on acidifying the water extrfict of the carbonate fusion. 

Silicates. Solution of silicates is btsst obtained by direc't fusion of 1 gram 
of the powdered material with 4 to 5 grams of sodium carbonate, in a plati- 
nutn crucible. The cooled melt is now covered with water ami dissolved with 
hydrochloric acid according to the standard procedure for carbonate fusions. 
The hydrochloric acid solutions are taken to dryness and the silica dehydrated 
in an oven at 110° tj. for an hour and then the residue is extracted with dilute 
hydrochloric acid and filtered. The filtrate contains iron, alumina, magnesium, 
lime, etc. 

Chlorides, Nitrates, and Other Water-soluble Salts. These are dissolved 
in water slightly acidifii'd with hydrochloric acid. 

Sulphides, Pyrites Ore,- etc. The ore should bo oxidized witli bromine or 
liy roosting, previous to the acid treatment. 

SEPARATIONS 

Removal of Silica. The solution obtained by one of the above procedures 
is evaporaterl to dryness and the silica dehydrated at 110° C. for an hour. The 
residue is now extracted with dilute hydrochloric acid. Silica remains imsoluble 
and may be filtered off. The solution contain, lime, together with iron, alumina, 
magnesia, etc., as chlorides. 

Removal of Iron and Alumina. The filtrate from the silica residue is 
treated with a few drops of nitric acid and boiled to oxidize the iron. Ammonia 
is now added cautiously until the solution just smells of it (a large excess over 
that required to neutralize the acid and combine with iron and alumina, 
will tend to dissolve .41(()H),). The precipitated hydroxides are allowed to 
settle and then filtered hot through a rapid filter and washed with hot water. 
Calcium, together with magnesium, is in solution and passes into the filtrate. 

Removal of Copper, Nickel, Cobalt, Manganese, Zinc, and Elen^nts 
Precipitated as Sulphides in Acid and Alkaline Solutions. This 8epa|j|tion 
is required seldom in lime-bearing ores. In analysis of pyrites and oinain 
other ores, containing members of the hydrogen sulphide and ammonium sul¬ 
phide groups, the removal of thase impurities is neces-sary. 

The solution from the residue of silica is made slightly ammoniacal and 
HjS passed into the solution to saturation (or ammonium sulphide may be 
11 
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added). The precipitated aulphidee are filtered off from the solution heated to 
boiling. The filtrate containing the calcium is boiled down to 50 to 76 cc. and 
the precipitated sulphur removed by filtration. Calcium is determined in the 
filtrate by precipitation with|emraoniura oxalate or oxalic acid according to 
directions given later. 

Separation of Calcium from Magnei4u>» >^6 4he Alkalies. ■ In the th¬ 
ence of considerable amounts of calcium and comparatively small quantities 
H magnesium. the oxalate method of precipitating calcium, in presence qf 
anunonium chloride, is generally sufficient for precipitating calcium free from 
magnesium dnd the alkalies. In analysis of dolomite, Mg(X)i'CaCX)i, and of 
samples containing comparatively large amounts of magnesium, a double pre-' 
cipitation of calciunt is gengrally necessary for removal of occluded magnesium. 

Separation of Calcium from Barium and from Strontium. The alkaline 
earths are converted to nitrates, all moisture expelled by heat, and cf&cium 
nitrate extracted from the insoluble nitrates of barium and strontium by a 
mixture of anhydrous ether and absolute alcohol, in equal parts, or by boiling 
the dry nitrates in amyl alcohol (6.p., 137.8° C.). Details of the procedure are 
given under Separations of the A Ikaline Karths in the chapter on Barium, page 59. 

Determination of Lime in Presence of Phosphates, Iron, and Alumina. 
Should phosphoric acid he pritsent in the solution, calcium will be precipitated 
as a phosphate upon making the solution neutral or slightly alkaline wiih 
ammonia, and will remain with iron and ulutuiniv pnicipitates. 

Precipitation of Calcium Oxalate in Presence of Iroil an(I Alumina. 
The solution containing the phosphates freed from silica is okidized by 
boiling with nitric acid us usual. Anunotna water is added to the cooled 
solution until a slight pnscipitate forms, and then citric acid is added in suf¬ 
ficient quantity to just diasolve the precipitate. If this does not readily occur, 
additional animonia is added, followed by citric acid until the solution clears, 
then about 15 cc. of citric acid in excess. The solution is diluted to 200 cc. 
and heated to boiling, (lalcium oxalate is now precipitated by addition of 
ammonium oxalate. Iron and alumina remain in solution. 

Cltrleacta is made by dissolving 70 grams of the acid, H,C,H.O,-HjO, in a 
liter of water. 

Wagner’s Solution. In place of citric acid, the following solution may be 
used. Twenty-five grams of citric acid and 1 gram of salicylic acid are dissolved 
in water and made to 1000 cc. Twenty-five to 50 cc. of this reagent is eSeetive 
in preventing precipitation of iron and alumina. ^ , 

Decomposition of Material. Though carbonates are easily dissolved in 
hydrochloric acid, sulphates and fluorides of calcium require fusion with 
sodium and potassium carbonate to effect decomposition. In case calcium 
fiuqride is being decomposed, the addition of an equal weight or more of silica 
is necessary, and sodium or potassium hydroxide may be substituted for 
potassium carbonate. The fusion is leached with water to remove the mineral 
acids, and the residue, containing all of the calcium, is dissolved in hy¬ 
drochloric qpid. Calcium is now determined in the hydrochloric aoid solufiau. 
If phtosphate is present in the sample, it is not completely removed by the 
water leaching as sodium phosphate, as this reacts in the solution with calcium 
carbonate causing a partial conversion to calcium phosphate, which remains 
dn the residue.* In this case it ^ advisable to precipitate calcium oxalate 
from a slightly acetic acid solution, in which calcium phosphstq, will not 
precipitate, as it would if the solution was made ammonincal. 
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GRAVIMETRIC DETERMINATION OF CALCIUM 
Precipitation of Calcium OxiUate and^gnition to Calcium Oxide 

Calcium oxalate is precipitated from feebly ammoniacal solutions or from 
solutions acidified with acetic, oxalic, citric, c^r salicylic acids, by me^ of 
ammonium oxalate. The presence of ammonium chloride hinders precipitat^n 
of magnesium and does not interfere with that of calcium.- If, however, much ^ 
magnesium (or sodium) is present it will contaminate the calcium precipitate 
so that a second precipitation is necessary to ol)tain a pure product. ‘ The > 
compound formed from hot solutions Is crystalline or granular and filters readily, 
whereas the flocculent precipitate formed in cold solutions does not. Calcium 
oxalate, CaC204 Hj0,* decomposes at red heat to (,’aO, in which form it is 
weighed. 

I>rocedure. If the calcium deternuned is in the filtrate mnn previous 
groups, hydrogen sulphide is expelled by boiling and the precipitated sulphur ^ 
filtered off, the solution having been concentrated to about 2(K) ec. The fil-* 
trate should contain sufficient ammonium chloride to hold magnesium in solu¬ 
tion in presence of ammonium oxalate (i.e, about 10 gnuns NlltCl per 0.0015 
gram MgO per 100- cc. of solution.) If not already present, the chloride is 
added in sufficient amount, and tlie solution diluted to about 400 cc. 

Precipitation. The solution is heated to boiling and 10 cc. of acetic acid 
added to the neutral mixture. Fifteen cc. or more of a .saturatwl solution of 
oxalic acid is added and after five minutes a slight excess of ammonia. The 
solu^on is allowed to cool an liour or so, the dear solution docanUKi thi^ough 
a lO^rn. filter and the preiupitatc washed three times by diicantation and finally 
on the filter with dilute ammonia (1 : 10), or 1% ammonium oxalate. ... 

To remove clinging impurities l\a or Mg) the precipitate is dtssolved in 
dilute nitric acid (1 : 4) and the filtrate collected in the beaker m which the 
first precipitation was made. The solution is heated to boiling after addition 
of a few drops of oxalic acid and sufficient ammonium hydroxide to im^e the 
solution slightly alkitHne. The precipitated oxalate is allowed to settle, filte^ 
and washed as in the first precipitation, the oxalate adhering to the sides 
of the beaker being carefully “copped” out. The oxalate is ignited wet ip a 
weighed crucible, the heat being low at first, until the filter has charrM and 
then to the full heat of the M5kcr blast lamp. Fifteen minutes of blasting 
‘shoiild be sufficient to obtain constant weight. If the precipitate i.s large a wcoad 
ignition is advi^ble to insure the complete decornix)sitK)n of the oxalate and 

carbonate to oxide. * . ... u i 

The crucible is cooled in a desiccator and weigh^as .. 

Factors. CaO X 0.7146 =Ca, or X 1.7847-CaCO., or X 2.8908 =>Ca(HOOi)., 

or X2.428 =.CaS04. 

'Calcium oxalate dried at 100=CaCj04-11,0. Heated to -CaCrf)4. 

At 50^ C the oxalate begins to decompose, free carbon is hberat^ and calcium 
wrbonate begins to form. *At bright red heat carbon burns off and the earl^te is 

with sodium carbonate and silim 
does not^^^Fra^mpluh removal of pIo. by.leaching with water if i^cium is 

present (also Ba aL Sr) since the phosphate^ calcium 'S°^fenate’beimi 

thfl rAAMinn nf cftlnium carbonate to phoftpwte and phom>hate to caroonate TOUig 
revere. Under these conditions it is pref^ble to preoipitete alunpnum in a faintly 
acid soluUon by addition of aoc^uni tna^ulphatc. 
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VOLUMETRIC DETERMINATION OF CALCIUM 
Titration of the Oxalate with Permanganate 

This procedure may ho applied .successfully in a great variety of instances 
on account of the niadine.ss with whicth calcium oxalate may be separated- 
In the presence of iron, alumina, manganese, magnesia, etc., it is advisable to 
make a rcprecipitution of cahnum oxalate to free it from adhering contaminations. 

The following reaction tak(« place when potassium [Mjnnanganate is added 
to calcium oxalaU: iti acid solution: 

5CaC,()4+2KMn(),-f8HjS(),-.5(:a.S(J4-|-KjSO,+2MnSO4+10CO,+8H,O. 

Procedure. Calcium oxalah?, obtained pure, by precipitation and washing 
according to directions giv(ui under tins gravimetric determination of calcium, 
is washed into a flask through a ixirfoiation made in the filter paper, the filter 
is treated with a litth; warm, dilute sulphuric acid and the adhering oxalate 
dissolved and wasluxl into the flask. About 2.5 cc. of dilute sulphuric acid, 
1 : I, is added and the solution dilubsl to 2.50 to 300 cc. 

When the precipitate has dissolved, the solution warmed to 60 or 70® C. 
is titrated with standard potassium permanganate, added cautiously from a 
burette with constant agitation, until a faint permanent pink color is.obtained. 

One cc. N/fO KMn ()4 =0.(K)20 gram Ca, or X0.002.S =CaO. 

Factors. CaX 1.3993-(5iO or X 2.4974 =CaCO, or X 3.3975 =CaS 04 or 
X 2.581 -Ca,(P 04 ),. 

Notks. Precipitation from Acetic Acid Solution. This is recommended if the 
material contained nhn.snlml<>s. The solution sliould contain about 1 cc. free glacial 
acetic acid |st two hiindnal cc. of solution. In prc.scncc of idiosphatc, iron and alumi¬ 
num cannot lie n-moved by addition of aininonia as calcium would also precipitate as 
phowhate. Citric acid may also Is; used to prevent prc'cipitation of iron. 

Procedure. To a volume of idsait 7.5 cc. of solution containing 0.1 to 0.1.5 g. Ca 
add 10 ce. acidic acid (glacial), luait to boiling and add slowly 10 cc. of a saturated 
solution of ammonium oxalate. Now add a slight cxcc.s.s of ammonia and make slightly 
acid with acetic acid (alsiiit 0..5 cc. |xd 100 cc. solution). If pliosphate is present this 
lost acidification is neixissary, likcwi.se in prc.sencc of aluminum. 

Available Lime 

This is the usual methiMl followed in cyanide nulls for determining the per cent which 
wilt dissolve of the lime added to the mill .solution, and therefore the amount to add to 
maintain the desired protective alkalinity. 

Procedure. One gram of the finely ground sample is placed in a glass stoppered 
bottle which has Ixicn previously marked to hold otK) cc. Thirty grams of sugar and 
al>out 300 cc. of wati’r are added and the Iwttlc shaken vigorou.sly. The solution is 
diluted to .500 cc. and .slmken at ten minute intervals for Ij to 2 hours. Then the 
insoluble material is allowed to settle, part of the solution filtered through a coarse 
filter paper, .50 cc. of the filtrate drawn out with a pim'tte into an Krienmeyer flask, 
two ilrops of iihenolphthalcin indicator added, and the solution titrated with N/IO 
oxalic acid solution till the pink color dtsapjasars. The lime is rcirortcd as per cent 
available CnU. 

1 cc. N/10 Oxalic Acid = .0028 grams Cat). 

Standard N/10 Oxalic Acid Solution. Di-ssolve 6.303 pams HiC> 04 . 2 H |0 in dis¬ 
tilled water ana dilute to 1000 cc. The .solution ordinarily necil not bo standardized 
as the weight of the oxalic acid is constant. 

To standanlizc take 30 cc. of the solution, add 100 cc. of water and 5 cc. of cone. 
H 18 O 4 , heat to 70° and titimte to a permanent pink with N/10 KMn 04 . 
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Rapid Iodine Method for Calcium Oxide in Presence of 
Calcium Carbonate 

The method worked out by John C. Bailar, Great Western Sugar Company, 
is based on the fact that a solution of iodine reacts with calcium hydroxide, 
but does not react with calcium carbonate. The method is used in the eval¬ 
uation of lime. 

Reagents. Iodine Solution. A standard solution is made by dissolving 
00 grams of pot.assium iodide and 4.5.27 grams of iodine in the least quantity 
of water necessary to effect solution, and diluting with water to one liter. 
1 cc. is equivalent to 0.01 g. CaO. 

Thiosulphate Solution. The reagent is made by dissolving 44.27 grams of 
thiosulphate of sodium in water and diluting to one liter. Two cc. of this 
solution is equivalent to one cc. of the iodine solution. 

Standardization. A definite weight of 0.5 to 1.0 gram of jnire arsenous 
oxide (AsjOs) is dissolved in 10% .sodium hydroxide solution and the resulting 
product acidified with hydrocJiloric or sulphuric acid. This s»)lution is now 
neutralized with sodium bicarbonate and 4 to 5 grams added in exce.ss. Starch 
indicator is now added and the arsenite titrated with the standard iodine solu¬ 
tion. Since one gram of AS'-Oj is equivalent to 0.50.50 gram of Cat), the weight 
of the arsenic taken inulti|)fiod by 0..5050, divided by the cc. of iodine required, 
gives the equivalent lime per cc. of the standard iodine reagent. Use this 
factor in the iodine titrations of lime. 

The thiosulphate may be standardized against a definite volume of the 
iodine reagent and its equivident value established in terms of the standard 
iodine solution. S.ie Notes below. 

Procedure. The sample of lime (one gram is recommended) is slacked by 
adding boiling water (5 to 10 minutes is ample to accomjilish this). An 
excess of iodine is added (see Notes) and the mixture stirred occasionally 
until the lime is all in solution. Insidublc silica is generally iirescnt but can 
easily be distinguished from the milky appearing lime. When the solution of 
the lime is complete (1 to 10 minutes will aecomplish this), the excess of iodine 
is titrated with the standard thiosulphate. The excess thus determined is 
subtracted from the total iodine added and the equivalent ('aO, to the com¬ 
bined iodine, calculated from the CaO factor of iodine. 

Notks. Any substance which lilicratcs iodine quantitatively from a solution of 
potassium iodide can Im used for the standardization of sodium thiosulphate. Among 
such substances an; pot.a.sRium |S‘rmanganate, |K>tassium dichromate, iratassium iodatc, 
|>otas.sium bi-iodate, metallic copiXT oxidizcil to a cupric sjdt, etc. In using any of 
the ajiove reagents first acidify the solution of an excess of pota.s.sium iodide with hydro¬ 
chloric aci<l (strongly acid if dichromate is u.scd, end point in this cast' is green in place 
of colorless) and then add the permanganate or dichromate or other reagent desired 
and titrate the liberated iialinc in prcsfuicc of starch indicator. 

Lime Equivalents. 1 g. KMn 04 0.8.S70 g. CaO 
1 g. K.CrjOj <)..')718 g. CaO 
1 g. KIO, 0.7.860 g. CaO 
1 g. KIOjHIOa 0.8602 g. CaO 
1 g. Cu 0.4410 g. CaO 

An excess of 5 cc. of iodine is recommended in the lime determination. 
To the same amount of water used in the analysis add 5 cc. of the iodine and 
use this as a standard for color comparison in running in the necessary excess 
of iodine in the sample. 
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STANDARD METHODS OF TESTING GYPSUM 
AND GYPSUM PRODUCTS 

Adoitkd iiy a. S. T. M. in Amended I'okm, 1923 

Free Water. Nnt less than 1 lb. of the entire sample a.s received shall be 
weighed, spread out in a thin layer in suitable vessel, placed in a drying oven, 
and dried at 45° C. for 2 hours. It shall then be cooled in an atmosphere free 
from moisture, and weighed again. The loss of weight corresponds to the 
free water, and shall be calculated to fiercentage of sample as received. 

Preparation of Sample. Dry sample as in Section 1, and reduce about 
10 g. until it all ))a.s.ses a lOO-inesh sieve, using extreme care not to unduly 
expose the material to the action of moisture or to overheating. The sample 
shall bo kept in an air-tight container until ready for use. 

Combined Water. Place 1 g. of the sample in a covered crucible and dry 
at 215 to 230° C. to constant weight. Calculate the loss of weight to percentage 
of sample as received and report as eombiiu'd water. 

Carbon Dioxide. Phiei! the residue obtained after drying, as described 
above, in a suitable flask and dissolve it in dilute HCI (not stronger than 1 ; 4) 
in such a way that the gas evolved, after being freed from ILO vapor by 
calcium chloride or sulfuric acid, can be collected in cither soda lime or caustic 
potash and weighed. The solution should be boiled for one minute, and a 
current of COs-free air kept passing through the apparatus for 30 minutes. 
The increase of weight of the soda lime or caustic potash corresponds to the 
weight of carbon dioxide, which is to be calculated to percentage of sample 
as received. 

Silica and Insoluble. Place 0.5 g. of the samiile prepared as described 
above in a porcelain casserole. Add about 25 ci;. of 1 : 5 IICI, and evaporate 
to apparent dryne.ss on a hot plate, (lotil and add enough concentrated HCI 
to wet thoroughly. Add about 10 re. of water, boil, filter, and wash. Put 
the filtrate back in the same cassi'role. I'lvaporatc it to dryness and heat to 
about 120° C. for one hour. Cool. Add enough concentrated HCI to wet 
thoroughly. Add abnut 25 re. of water, boil, filter, and wash. Transfer the 
two papers containing the two precipitates to the same crucible, ignite, and 
weigh. Calculate this weight to percentage of sample as received. 

Iron and Alumina. To the filtrate obtained above, add a few drops of 
HNOs and boil to insure oxidation of the iron. Add 2 g. of NHA^l previously 
dissolved in water. Make alkaline with NH 4 OH. Digest hot for a few 
minutes until the precipitate coagulates. Kilter, wash, ignite the precipitate 
and weigh as FejOj-f-AbOj. Calculate this weight to percentage of sample 
as received. This precipitate may be further treated to separate the two 
oxides, but this is generally unnecessary. 

Lime, (a) To the filtrate obtained above, add 5 g. of (NIDsCjOi dissolved 
in water. Digest hot for i hour, making sure that the solution is always 
alkaline with NILOH. Filter, wash and ignite in a platinum crucible over a 
strong blast to constant weight. Calculate this weight to percentage of 
sample as received. 
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(b) Alternative Method. To the filtrate obtained from the iron and 
alumina precipitates, add 5 g. of (NH4)sCsO« dissolved in water. Digest hot 
for i hour, making sure that the solution is always alkaline with NH4OH. 
Filter and wash. Transfer the precipitate to a beaker, and wash the filter 
paper with hot dilute H2SO4, catching the washings in the same beaker. 
Heat gently to complete solution, adding more H2SO4 if necessary. While 
still warm titrate with a .solution of KMn04 containing 5.6339 g. per liter, 
until the pink color is permanent. The number of cubic centimeters of 
KMn04 used gives directly the percentage of lime in the dried sample. Re¬ 
calculate to percentage of sample as received. 

Magnesia. To the filtrate obtained from calcium precipitate, add enough 
water to give a total volume of about 600 cc. ("ool. Add 10 cc. of NH4OH 
and 5 g. NaNIl4HP()4 dissolved in water. Stir until precipitate begins to 
form. Let stand over night. Filter, wash with a 2.5 per cent by weight 
solution of NILN’Oa. Ignite and weigh. Multiply this weight by 40/111 
to find the weight of MgO. Then calculate to percentage of sample as received. 

Sulfur Trioxide. Dissolve 0.5 g. of the sample i)repared as described in 
Section 3 in .50 cc. of 1 : 5 flCl. Hoil. Add 100 cc. of boiling water, and 
continue boiling for 5 minutes. Filter immediately and wash thoroughly with 
hot water. Hoil, and while lioiling, add slowly 20 cc. of a boiling 10 i)er cent 
solution of Ha(,'l;. Digest hot for one hour, or until precipitate .settles. P'iltcr 
and wash. Dry carefully. Ignite over Bunsen burner at lowest heat imssible 
until filter paper is burned off. Ignite at bright red heat for 15 minutes, 
and weigh. Multiply this weight by 80/233 to determine the weight of SOj. 
Then calculate to piTcentage of sample as received. 

Sodium Chloride. Dissolve in boiling w.it(!r a 1-g. sample (prepared ns 
described in Section 3), put on the filter and wash with 250 cc. of boiling 
water, then titrate the filtrate. Add two or three drops of potassium chromate 
solution and titrate with an N '20 solution of silver nitrate. Each cubic 
centimeter of silver nitrate solution = 0.002923 g. of sodium chloride. Calcu¬ 
late to percentage of sample tested. 

Calculation of Results. By the methods given above, the results are 
obtained and reported in the following form; 

Pkk Cent. 


Free waUT. 

Coinbine<l water. 

Silica and insoluble, 8iOj 
Iron and alumina, IJ-Da 

Lime, CaO. 

Magnesia, MgO. 

Sulfur Trioxide, SO*. . . . 
Carbon Dioxide, COj . . . 
Sodium Chloride, NaCl.. 


Since it is frequently advisable to recalculate these results, that they may l)e more 
enlightening, the following method is submitted for consideration: 

(a) Multiply percentage of MgO by 84/40 to find percentage of MgCOj. 

(ft) Multiply the percentage of MgO by 44/40 to find the percentage of COj as 
MgCO,. 

(c) Deduct COi as MgCOi from the COj determined. 

(d) Multiply the CO* remaining by 100/44 to find percentage of CaCOi. 
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(e) Add together the pcreciitagc of SiOj, RsOa, MgCOj, and CaCOj, and report in 
the axgrceaU!. 

if) Multiply the percentage of CaCOa by 50/100 to find the jx-’rcentage of CaO 
as CaCXJj. 

(ff) From the total (ierccnt.age of CaO deduct the ptircentage of CaO as CaCOa. 
The remainder may laj called “ availabli! CaO.” 

(/() The " available CaO ” should lx;ar to the SOa a ratio of 7 to 10. Determine 
which (if cither) i.s in cxraias. 

(i) If the CaO is in c.\c(\ss, multiply the SOa by 7/10, and subtract the result from 
the “ available CaO.” The remiiiniler is reported as “ exce.ss CaO.” 

(j) It the SOa is in excess, multiply the “ available CaO ” by 10/7 and subtract 
the result from the .SOa. The remainder is rc|X)rted as “ e.xcess SOa.” 

(k) Add together the “ available CaO” and the SOa, and subtract the “ excess 
CaO” or “ e,xee.s.s SOa.” The remainder is CaSOa. 

(f) If the Ca-SOa is present as Ca.SOa JUjO, the iXTCcnhigc of CaSOi should licnr 
to the ixirccntage of combiiual water a ratio of 130 to 9. Determine which (if cither) 
is in exe<!s.s. 

(m) If the CaSOa is in excess, some of it is pn'acnt in the anhydrous form. Mul¬ 
tiply the |»!rcentage of combined water by 130/t) to find the percentage of CaSOa as 
Ciu^Oa-)llaO. The diffcirence between the total CaSOi and the itcrcentage of CaSOa 
as CtaSOa- JllaO is the CiuSO, in the anhydrous form. 

(n) If the water is in excess, soini! of the Ca,S(), is pixwent as gypsum. Let x = per¬ 
centage of CaSO,- JllaO, and // = pereenlagi? of Ca.SOa 'illaO. Then x + y = percent¬ 
age of CaSOa (as found in A) + iXTcentagi; of water. 

-b = percemtage of combined water. 


Solve these equations for x and }/. lle|>ort x. as TOrcentage of ‘‘ calcined gypsum,” 
CaSOa' IHjO. Report;/ as [X'reentage of gynsniti, CaS0a'2H20. 

Having made tlu\s(! calculations, the result may l)c reported as follows; 


Pun Cknt. 

flypsum, CaSOa -f- ^HjO . 

Calcined gypsum, CaSOa + SHjO. 

Anhy<lrile, (taSOi. 

K.x«'as CaO 1 


Kxcess SO) j 
Sodium chloride, NaCI 
Other ingnalients. 


lOO.lX) ± 

The presence of the diffen'nt forms of Ca.SO, may be corroborated by a microscopic 
examination. 


Other Qravimetric Methods 

Calcium may lie convert< m 1 to carbonate, snlpliale, fluoride, tungstate and so weighed 
The oxide, obtained by ignition of the oxalate may be converted to siiliihatc by moLsten- 
ing with a few droixs of HjSOa, tlii-n adding an exee.ss of NTLOH and igniting to expel 
excess of sulphate and NH.i. 

Calcium sulphate may ls> precipitated by adding an excess of HsSOj and then 95% 
alcohol (two to four times the total volume of the solution). The precipitate is washed 
with alcohol and then ignited to constant weight. (Fre.seniu.s.) 

Calcium tungstate by Saint Semin's method is precipitated by adding ammonia 
until the solution is alkaline and then an excess of 20% solution of sixlium tungstate. 
The precipitate is liest filtered into a weigheil Cooch crucible and washed with ammonia 
(1 : 10 sol.) then dried at 100° C. and weighed as CaWO). 
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C,* at.wt. 12.0; sp.gr. amorp. 1.75-2.10; crgst.; graphite, 2.25; diamond, 
.3.47-3.5585; m.p. sublimes at .3.500“ C.; oxides, CO and COi 

DETECTION 

Element. Carbon is recogniziHl l>y its appearance and by its inertness 
towards general reagents. It is swn in the charring of organic matter when 
heated or when acted upon by hot concentrated sulphuric acid. 

Upon combustion with oxygen or by oxiilation with chromic and sulphuric 
acids, carbon dioxide is formed. The gas jiassed into lime water forms a white 
precipitate, CaCOa. Penfield fuses the substance with precipitated and 
washcil PbCrOj in a hard glass tube closed at one end. The CO 2 is tested at 
the mouth of the tube.'* 

Carbon Dioxide. Carbonates. CO. in Gas. A white precipitate with 
lime water, baryta water, amnioniacal solutions of calcium, or barium chlorides, 
or lead acetate (basic), carbonates of the metals are formed. 

Carbonates. Action of mineral acids cau.se eff(Tvesccnce, COa being evolved. 
The gas is odorless (distinction from SOa, IljS, and NaO.,) and is 
col()rie.ss (distinction from \;Oj). The gas absorbed in the 
reagents above mentiotuMl produces a white jjrecipitate. 'I'he 
test is best mad(! by placing the iM)wdercd material in a large 
test-tube with a stoijjwr carrying a funnel and delivery tube as 
shown in the illustration. Fig. 9. For .small amounts of combined 
COj, warming of ttu; test-tube may be neces.sary. Sulphuric or 
phosphoric acid should Ix! used to liberate the gas, which is 
conducted into the reagent used for the bwt. 

Distinction between Soluble Carbonates and Bicarbonates. 

The solution of the former is alkaline to phenolphthalein indicator 
(pink). Uicarbonate .solutions remain colorless with this indi¬ 
cator. Nonual carbonates precipitate magnesium carbonate when 
added to magnesium suliihate solution; bicarbonates cause no 

precipitation. „ . Fio. 9.—Test for 

Free Carbonic Acid in Water in Presence of Bicarbon- Carbonate, 
ates. 0.5 cc. of rosf)lic acid (I part acid in .5(K) parts of 80% ^ 

alcohol), produc(js a red color wdth bicarbonaO's in absence of free (yOj, and a 
colorless or faintly yellow solution when fnse CO. is present. 

Carbon Monoxide. I'hc gas burns with a pale blue flame and is not ab¬ 
sorbed by potassium hydroxide or lime water (distinction from COi). It is oxi¬ 
dized to CO, and so detected. With hot, concentrated potassium hydroxide, 
potassium formate is produc<!d. 

The gas is detected in the blood by means of the absorption spectrum. 

•Van Nostrand’s Chemical Annual, Olsen. 

Chapter contributed by Wilfred W. Scott. 
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ESTIMATION 

The element occurs free in nature in the crystalline forms, diamond and 
graphite, and in the amorphous form, charcoal, coke, etc. It occurs in iron, 
steel, and in certain alloys. Its estimation in thc.se metals is generally required. 
Carbon is determined in the analysis of organic compounds in which it is 
invariably combined and may also he pmsent as free carbon (asphaltum). 

Combined as a carbonate it occurs in a large number of substances, among 
which are found calcite, marble, linumtone, dolomite, magnesite, strontianite, 
witherite, spatic iron ore. It occurs as the dioxide in the air, in water {H 2 O -COj) 
and in flue gas. Carbon dioxide is the active constituent of baking powders 
(NaHCO,). 

Preparation of the Sample 

Iron, Steel, and Alloys. The subject is discussed in the chapter on Iron 
and 8teel, Volume II. 

Organic Matter. It is advisable to fuse this in a nickel or iron crucible 
with sodium peroxide. The carbonate thus formed may be determined as usual. 
The organic substance may be oxidized directly in the cond)ustion furnace. 

Carbonates. Limestone, Dolomite, Cement, Alkali Carbonates and 
Bicarbonatea. The powdered material is decomposed by addition of an acid 
as directed in the methods given later. 

Separation of Carbon from Other Substances 

The element is generally determimsl as carbon dioxide, in which form it is 
liberated from most of the combinations in whicrh it oC(Mirs, free from other 
substances by ignition in a curnmt of (txygen, or by oxidation with chromic 
acid as directed later. 

Separation of Carbon in Iron and Steel. Cupric Potassium Chloride 
Method. 0..5 to 2 grams of the drillings are treated with 100 to 200 cc. of 
cupric pota-ssium chloride solution and 10 cc. of hydrochloric acid (1.19). This 
mixture dissolves the iron according to the reaction 

Te+CuCli =FeCljd-('u and (^u+CuClj =CujClad-carbon as a residue. 

The solution should be stirred frequently to hasten the solution of the iron. 
It is advisable to keep the tempernturo of the solution at about 50° C. When 
the iron and copper have diasolveci the carbon is filtered off into a perforated 
platinum boat or crucible, as directed under the methods. It is now oxidized 
to COi and so determined. 

Notb. The cuprio potassium chloride solution is prepared by dissolving 150 
parts of poteMium chloride and 170 parts of crystallized cupric chloride in water 
and crystallizing out the double salt. Three hundred grams of this salt are dissolved 
in 1000 CO. The solution may bo used several times by chlorinating the dirty brown 
filtrate from the carbonaceous residue. The cuprous chloride formed during the 
solution of the steel is converted apin to cuprio chloride, and the chlorinated crouble 
salt is even more energetic in its solvent action than the freshly made reagent. (Blair.) 
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GRAVIMETRIC METHODS FOR DETERMINATION OF 

CARBON 1 


The determination of carbon by combustion with oxygen is made in two 
general classes of substances: A. Steel, iron and in certain alloys. B. Organic 
compounds. Carbon in steel and alloys is considered in two forms; carbide 
or combined carbon, and graidiitic carbon. In organic substances carbon occurs 
principally combined with hydrogen, oxygen, and nitrogen. For tlie present 
we will consider procedures for the determination of carbon in steel and 
alloys. 

The most accurate procedure for determination of carbon in steel, alloys, 
and in other iiuvterials containing the substance combined or free is by com¬ 
bustion with oxygen in a furnace heated by gas or electricity; the carbon dioxide 
formed being absorl>ed in caustic, ami weighed. 

Apparatus. Combustion Furnace. Although the gas furnace has 
been used more conuuonly on account of gas Iteing more available than elec¬ 
tricity, the extension of generating electric plants makes it possible to use electric 
furnaces, and thes(! are gradually displacing those heated by gas, as they are 
more comp.act, easily manipulated and comparatively simple in structure. 

A simple el(;ctri(! furnace may be made by wrapping a silica tube with a 
thin covering of asbe.stos paper, which has bc<ui moistened with water. On 
drying the paper will cling to the tube. A spiral coil of nichrome wire (Driver 
and Harris) is wound around this core. On a 2-foot length of tube two 45-foot 
lengths of No. 18 wire, connected in par.alhil, will heat the tula! to bright redness, 
attaching the terminals to an ordinary light socket. The coils should be 
covered with J-in. coating of alundum <‘(!mont. For apiHiaranee’ sake as well 
us for protection, the tube is placed in a large cylinder of sheet iron, packed 
around with asbestos, and is held in position by circular a.sbestos boards placed 
at the ends of the large cylinder. The cylinder is mounted on a stand. 

Absorption Apparatus. A large number of forms are for sale. The Geissler 
and Liebig bulbs have been jiopular (Figs. 11 and 12), but are now being displaced 
by forms that have less surface exposed, that are more easily cleaned and less 
fragile, such as Oerhardt’s, Vanier’s and Fleming’s apparatus (Figs. 13, 


14 and 16). The V.anier and the Fleming 
absorption apparatus are especially to be 
recommended, on account of their capacity, 
compactness, efficiency, in handling gases 
passing at a rapid rate, and their simplicity 
of form. 

* The Wet Method. Oxidation of carbon in 
iron and steel is accomplished by means of boil¬ 
ing chromic-sulphuric ncid.s, containing copper 
sulphate (35 cc. chromic acid made by <ii.s.solvmg 
720 grams of chromic acid with 700 cc. of water, 
1.50 cc. of 20% copiwr sulphate an<l 200 cc. of 
strong sulphuric acid); the evolved carlion di¬ 
oxide is absorlied in soda lime. The method is 
of value in cases where a combustion furnace Is 
not available. The procedure, however, rcquuxM 
considerably more time and manipulation and 
can not compare with the standard combustion 
methods described. 



Fio. 10. — Hutchinson - Wcirich 
Combustion Bulb for the Rapid 
Absorption of COt in Carbon De¬ 
terminations in Iron and Steel. 
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Procedure for Determining Carbon by Combustion. i 

The greatest value of this rapid method is realized when it is used to follow 
a bath of steel in the open-hearth furnace preliminary to tapping. It abolishes 



completely the iinrtdialih! and dangerous color carbon. Hy this method abso¬ 
lutely accurate results can be rcportwl to the open hearth ten minutes after 
the drillitigs ar<f received. 

In principle this metliod is not new; in manipulation it is new. Heretcy 
fore chemists have been laboring under tl>e impression 
that tlie flow of gas during a combustion must not exceed 
a certain snail-like pace. This false impression has been 
injected into the minds of chemists by a ffuv who were 
supposed to have investigated the matter. I'he truth is 
that the faster oxygen is fed to burning steel the more 
complete the combu.stion will be. The rate of current is 
limited by the elliciency of the apparatus used to alxsorb 
the evolved earbon dioxid(^ 

The Apparatus Described. The combustion train is 
shown complete in Fig. 1.5. The oxygen is delivered to 
the train through a regulating and reducing valve such as 
is used for welding. The regulating valve is not esfsen- 
tial, yet any chemist who uses one will appreciate its con¬ 
venience, esixicially in this metlwHl. Its conv(!nience will be 
explained later. K is a mercury i)res.sure gauge. It serves 
as a guide during the combustion and is an essential pieee 
of appanitus. The graduated column is 0 ins. high and is 
P is a washing bottle containing caustic potash solution. 
Filknl to the mark indicated with 50'V solution it will serve for at lea.st 1000 com¬ 
bustions. It is used solely to indicate the flow of gas, not to purify it. If the 
chemist desires he may onut this from the train. T is a calcium chloride jar. 
It is filled to the mark indicated with finely divided calcium chloride, about pea size, 
retaining nil the dust. layer of asbestos is formed over the chloride and the 
remaining space filled with soda lime. The glass tubing leading from the jar is 
loosely packed for a distance of several inches with asbestos. This prevents any 
soda lime dust being carried into the combustion tube. G is a mercury valve like 
that used in Johnson's train. It is u.sed solely to maintain an atmosphere of 



Fio. 14.—Vanicr 
Bottle. 

divided into eighths. 


> By Wm. R. Fleming, Metallurgist, Andrews Steel Company, Newport, Ky. 
Age, Jan. 1, 1924. 
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pure oxygen in the purifying train, a condition essential to accurate results. 

It is not used to prevent carbon dioxide backing into the purifying train, of which 
there is not the remotest possibility. 

The combustion tube is the ordinary fused 
silica tube glazed on tlie inside only. The tube 
is 30 ins. long with inside diameter of from J 
to 1 in. One tul)e of 30 ins. will serve twice !is 
long as one of 24 ins. It is loosely packed with 
asbestos for a distance of 6 ins. at the exit end. 
and 3 ins. is allowed to project from tlu; furnace. 

For about the first 1(K) combu.sti<ms, the com¬ 
bustion boat is pushed close against the asbestos. 

The portion of the tube immediately above this 
will become coated with iron ',)xide. The asbestos 
is then niovcal up so that it covers this jiortion 
of the tube and a fresh area exposed to the 
spraying oxide. In this manner on<! tube can be 
made to serve COO combustions or even more. 

Both platinum and nickel cylintlers have been 
used inside the tube to protect it from the spraying 
oxide, but it is doubtful whetlier this practic(! i)ays. 

These cylinders are not used in this lalioratory 
because it is believaal that they d(4ay incipient 
combustion for at least thirty seconds. 

The Furnace and Combustion Tube. I’ln? 
furnace used is one of the ordinary rc'sistanci* 
typ<;. It is constantly maintained at a tem- 
jierature of 1000° C. 'I'his temiwraturc is verilied 
tlaily by the use of a pyrometer. Many claim to 
he exf)Crt at judging temperatures, but none an; 
exjx^rt enough to be without a })vrometer. 1 he 
twtHwav stop following the combustion tube will 
be found very convenient w'hen it is not desirable 
to pass the current through the jars Z and (>■ 

Z is filled with 20-m(>sh zinc. Once filled it 
will sen'e for several thousand coud)Ustions. As 
a matter of fact it is included in this train as 
a filter. If nickel boats and alumimim are u.sed 
the chemist may omit this zinc jar from the 
train, for with all ordinary grades of steel it serves 

no purpose. , r ,i 

O is the phosphoric anhydride jar. A little 
asbestos is placed in the lower part just above 
the lower stopper. The remaining space in the 
jar is completely filled with phosphoric aiihytlnde. 

The upper stopper is packed tightly enough to 
prevent any powder being swept into the weigh¬ 
ing apparatus. As the anhydride li<iucties it 
passes down into the lower stopjier, where it can ., , . r 

be removed conveniently without disturbing the anhydride a^ove it. Likewise 






Fig. 15,— Fleming’s Apparatus for Determination of Carbon by Combustion. 
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the anhydride can be replenished by removing only the upper stopper. The 
jar need not be washed oftener than once in 500 combustions. When fillea 
with anhydride, fresh reagent need not l)e added for at least 150 combustions. 
After each combustion the jar should bo given a few sharp taps with the hand 
to prevent canals being formed. 

Details of the Absorption Apparatus. The absorption apparatus, shown 
in detail in Fig. 16, has txien nuxlihed slightly at the sug¬ 
gestion of Henry Cl. Martin, of the Railway Steel Spring 
Company, Chicago Heights, Ill. This apparatus is no more 
efficient than the old stylo, but it is much more convenient 
and less troublesome. In the old-style tube the anhydride 
would liquefy after several days and retjuire replenishing. 

'I’o overconm this, Mr. Martin suggested using separate cham¬ 
bers for the anhydride and 8(xhi lime, so that communication 
could be broken when the tube was standing idle. The tube 
shown, F'ig. 16, is Fleming’s modiKcation of Mr. Martin’s 
suggestion. When proixsrly filled this tube will serve for at 
least 70 eombustiotis when operating on 1.5 grams of sample 
containing 1.0.‘1% carbon. 

The anhydride in the upper chamber .sorviw for at least 
3(K) combufitions. Sfxla lime, placed in the lower tube in alter- 

_ ._. nate laprs (Hn ) of the different meshes, has proven a very 

AbBorption"A^ (convenient and desirable reagent. The 12-mesh soda lime for 
paratus. ' nitrogen can also be uscsl with excellent results. If this is 
employed, part of it should be ground to about GO-mesh and 
alternate layers of fine and coarse uscxl. 

It is exceedingly important that the tube be loaded with alternate layers 
of coarse and fine reagent, for, if the 12-mesh reagent is transferred directly 
from the bottle to the ahsorption tube, the latter will fail to be effective for 
more than 30 combustions aiui in some cases less. The reason for this is evident. 
The lower stopper is packed loosely with asbestos, also the lower portion of the 
soda lime chamber just above the stop|)er. Ifeginning with a layer of < 
12-me8h soda lime, the entire ehiuubcr is filled with alternate layers of fine and 
coarse reagent. The small diameter of the anhydride chamber is packed with 
asbestos and the remaining space filled with phosphoric anhydride. Finally, 
the upper stopper is packed with asbestos. The anhydride chamber, filled as 
indicate, will not require refilling for at least 300 combustions. It is not 
necessary to turn the chamber to break communication while the tubes are 
idle, for the packing of the small diameter with asbestos prevents the absorption 
of moisture from the scxla lime. The tubes must l>e used in pairs, so that one 
serves as.a taro in weighing the other. A pair of tulies assures the operator 
of at least MO combustions. A glass or rubber tubing about 12 ins. long serves 
as a guard for the absorption tube. It connects the bottle. Pi, which is used 
to inciicate flow of gas. 

The use of cla)' boats has lawn abandoned in favor of nickel boats filled with 
alundum. These are greatly superior to clay boats in every conceivable way. 
The alundum is labeled as being free frotn carbon, but this is not true. In fact, 
some of it contains considerable carbon. It should always be burned in oxygen 
at 1000® before using. The boats are formed out of 22-gauge pure sheet nickel. 
One boat will serve for about 130 to 1.50 combustions, some more, some less. 
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Details of the Analysis. The furnace being at 1000*, the two freshly 
prepared absorption tubes are placed in the train and oxygen run through at 
the rate of 300 cc. per minute for fifteen minutes. This insures the displace¬ 
ment of all air from the purifying train as well as the absorption tubes. Remove 
one absorption tube from the train and turn on the oxygen until the mercury 
stands at about 2 ins. The rate of current is then measured by inverting a 
graduated cylinder filled with water. Siweral trials will establish a rate of 
about 325 cc. per minute. Note the reading of the column of mercury at this 
rate and subsequently, when using the same absorption tube, maintain this 
same pressure in the train and the rate of flow will be 325 cc., the rate during all 
combustions. Shut off the oxygen and, when it comes to a slow bubbling 
through Fi, close the upper stopper of the absorption tube. Disconnect it from 
the train, but do not close the lower stopjxsr for about five seconds after dis¬ 
connection. Weigh against its mate as a tare. It is now ready for the first 
combustion. 

Weigh 1.5 grams of drillings, preferably thin, curly drillings from a twist 
drill, and spread out in the nickel boat whicli is halt filled witli alundum. Place 
the absorption tube in the train and place its mate beside it. With the oxygen 
flowing about 100 cc. per minute, the drillings are pushed into the combustion 
tube. The current is immediately run up to the de„sired pressure, which gives 
325 cc. p(;r minuh!. The regulator will do the rest. It will feed the oxygen 
automatically to tlie burning steel. As a rule the drillings are entirely burned 
one and one-half minutes after insertion. Continue the flow of oxygen foi 
three and one-half minutes more (five minutes, total time) and disconnect 
as before the absorption tube. Weigh immediately. The result will be accurate 
and reliable. W^hether determining carbon in a standard steel, where the 
greatest accuracy is required, or in a bath test, the titne retjuired is always 
five minutes. 

The weight of the boat, plus refractory lining, should be kept as low os 
possible, so as not to introduce too much cold material into the combustion 
tube. The boats used in this laboratory are i in. wide, J in. deep and 3 ins. long. 
Sheet nickel varies in percentage of carbon. As a rule, a nickel boat must be 
ignited in oxygen at 1000° for one to two hours. 

There seems to be a difference of opinion concerning the physical condition 
of the steel after burning, some chemists believing that inaccurate results are 
obtained if the drillings have fused during combustion. Others maintain that 
complete fusion of the drillings is easential to accurate result. If drillings 
which happen to be a little thick are used, low results are obtained unless these 
are perfectly fused. 

Graphitic Carbon 

In Iron and Steel. The sample of 1 gram of pig iron or 10 grams of 
steel is treated with 15 cc. of nitric acid (sp.gr. 1.2), per gram of sample taken. 
When all the iron has dissolved, the graphite Is allowed to setUe and the super¬ 
natant liquid decanted onto an ignited asbestos filter, using either a perforated 
boat. Fig. 17, or a filtering tube. The residue is transferred to the filter, 
and washed thoroughly with hot water. It is treated with hot caustic 
solution (sp.gr., 1.1), washed thoroughly again with hot water, then with a 
little dilute hydrochloric acid, and finally with hot water. The carbon is 
now burned by one of the procedures given—the oxidation in the combustion 
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furnace being recommended. The COj is absorbed in caustic and estimated 
according to Uie standard procedure given for carbon. 



Fio. 17.—Boat and Holder 
for Carbon Determina¬ 
tion. 


CO 2 XO .2727 = graphitic carbon. 

The jierforated bout, .shown in the cut, fits snu^y 
into the receptacle below. Sufficient asbestos is poured 
into the boat to form a film over the bottom. A seal 
is made aroimd the boat with additional asbestos, the 
apimratiis having been inserted in a nibber stopper 
in the nock of a suction flask and suction applied. 

1’he apparatus is reconunended by Blair for com- 
birstioii of graphitic carbon or of total carbon liberated 
from iron or stail by the cupric iwtassium chloride 
method. The boat may be placed directly in the 
combustion tube and the carbon oxidised as usual. 


The Shimer Combustion Apparatus * 

The apparatus, designed for the rapid determination of iron and steel, is 
in general applicable to the .same (dass of chemical operations as is the com¬ 
bustion tube of platinum, silica, or {)orcelain. It 
offers the advantage of noatne.ss, reduction in the 
number of parts to be liandlcd, diminished con¬ 
sumption of gas, and incrciwed ca.se of manipula¬ 
tion. The simplified form, shown in the cut, Fig. 

18, enables the u.se of the standard form of plati¬ 
num crucible, A, with its inner wall ground to fit a 
tapered nickel, water-jacketed stopper, B. The rub¬ 
ber jacket of the original tyjK! is eliminated and a 
detachable nickel reinforcing ring, C, at the top of 
the crucible scirves the double pur[H>so of completing 
the security of the seal and as a sup|X)rt for the 
apparatus. 

Water is circulated through the stopper through 10 
the tulles c and d. The current of oxygen passes Apparato, Simplified Form, 
through a into the crucible, oxidizing the material 

within the crucible, which is heated to red heat with a burner placed below it. 
The carlxin dioxide formed paases through 6 to the absorption train. The 
remainder of the apparatus for the determination is the same as is used with 
the combustion tube. An asbestos shield protects the upper portion of the 
outfit, the crucible fitting snugly in a hole in the asbestos board. 



Combined Carbon 

Indirect Method. The exce.s8 of carbon remaining when the graphitic 
c^on IS subtracted from total carbon (in iron and steel), is calculated as com¬ 
bined carbon. This difference method is generally accepted as being the most 
accurate for estimation of combined carbon. 


* Courtesy of Baker Platinum Works. 
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Stetser and Norton Combustion Train for Carbon 
Determinations 



D 

E 

F 

O 

R 

k 

H 


Atoirator BotUe. H liMira capacity, aradualion interval 2 S 0 • "“h 

Battle, narruw mouth, of green glaa«, 2 gnlloiia cainicity, with two hole rubber etopper 

GUm Tubing. 6 mm. outaido diameter, tor eouncctioua. 

GUm St^oxk! S'lrim. bore; used to prevent the gaa from flowing through the train when turned 

Bottle” wide*mm* hrs^oi. capacity, with two hole rubj>er stopper; to be used empty as a safety. 
Ditto: to be filled one-third ftUI with conceutraU*d feulphuric Acid. 

Ditto; to be filled with Ascarite. 

Combustion Tube, of Silica, glased, 30 inches long by Vh inch diameter. 

Combustion Tube Frmace. 

Rheostat, for controlling the temperatuTe. 

Vanier Zme Dt^g Tube: to to filled with ^ mo^ Zinc. 

Vanier SulphuHc Acid Bulb; to be filled with Sulphuric Acid. 

Stetser anoNorton Modification of toe Midvale Absorption Bulb. 


Combustion Method 

The train illustrated in Fig. 18o was described by J. B. Stetser and R. H. 
Norton in “Combustion Train for Carbon Determinations,” The Iron Age, 
Vol. 102, No. 8. The special features of this outfit are rapidity with which 
combustions can be made, simplicity of the absorption bulb, and the use of 
Ascarite, a special sodium hydrate asbestos absorbent mixture according to 
the formula of Mr. J. B. Stetser. It is a dryer as welj as an absorber. 

The absorption bulb is a modification of the Midvale Absorption Bulb 
designed by Mr. H. L. Fevert, of the Midvale Steel Company, and with one 

12 ' By courtesy of Arthur H. Thomas Co. 
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filling can be used for at least 400 determinations using one-half factor weight 
with carbon 0.50%. The bulb measures 45 mm. in diameter at its widest 
portion at the bottom, and 120 mm. high over all. It is provided with a 
capillary tube and rubber stopper at top, or with ground glass stopper. 

The usual procedure is to allow three or four minutes for combustion. 
Results are often reported in six minutes after the sample enters the laboratory: 
this includes time for drilling, weighing sample, running test, weighing bulb 
and reporting result. 

The oxygen is delivered from a high pressure cylinder through the gas 
pressure regulator, and the authors also recommend that bottles as shown in 
the illustration be u.sed to measure the amount of gas consumed and to supply 
rapidly the extra quantity of oxygen required during the burning of the 
drillings, in addition to e()ualizing the pressure. * 

Method of Operation.—The train is set up free from leaks, and the stop¬ 
cocks are opened with the exception of the one on the Sulphuric Acid Bulb K. 
This is opened sufficient to allow gas to flow at the rate of 200 to 250 ml. per 
minute when the Absorption Bulb is attached. 

The stopcock C is then closed, the remaining stopcocks being left as 
adjusted. The train is now ready for operation. Bottle B is filled with water. 
The gas regulator is opened, allowing oxygen to displace the water in bottle B, 
which water is driven into bottle A. When bottle A is filled, the regulator is 
closed and the train is ready for combustion. The exit end of the combustion 
tube, the usual glazed silica tube being recommended, is packed with some 
asbestos burned in a current of oxygen prior to using. 

A sample of one-half factor weight jiropcrly prepared and weighed is 
placed in the alundum boat, RR Alundum protection being used, and then 
inserted in the furnace. The stopcock C is opened, and if the furnace is at 
1800° C. or over, and the sample of drillings fine and uncovered, it should 
begin to burn in 20 socotids. The burning should take 40 to 60 seconds 
additional, consuming 500 ml. of oxygen. An additional .500 ml. of oxygen is 
turned on to wash out all COi, and the bulb is then ready to be weighed. 

If the sample is covered by a lid or RR Alundum, or if the drillings arc > 
coarse, or the furnace is below 1800° C., the combustion may be delayed as 
much as two minutes. The actual burning will, as before, take from 40 to 60 
seconds. In any event, 500 ml. of gas must be pas.sed through the apparatus 
after the steel has censed burning. The point at which the burning of the 
sample begins may be determined by the increased rate at which gas pa.sses 
through the liquid in bottle E, due to the rapid absorption of oxygen by the 
burning steel. A similar decrease marks the end of the burning period. 

Standardization of the Stetser and Norton Absorption Buib.—A freshly 
filled bulb should be run on the train for an hour and then weighed. When the 
bulb has reached a constant weight, the train is checked by running a govern¬ 
ment standard 

A_ bulb once filled and standardized will last for several weeks and is 
sufficient for from three to four hundred determinations. On account of the 
difference in color between the used and unused portions of the absorbent, it 
is possible to determine the moment a bulb can be discarded. 

Notes. In chromium, tungsten and titanium steels a temperature of 1500° C. 
is necessary to oxidize the carfon by direct combustion for thiny minutes. (J. R. 
Cain and H. E. Cleaves, J. Wash. Acad. 8ci., 194, 4, 303-397.) 
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DETERMINATION OF CARBON IN ORGANIC SUBSTANCES 

Combustion of Organic Substances Free of Nitrogen, Halogehs, 
Sulphur, and the Metals 


The following modification of the procedure described for determination 
of carbon in iron and steel is applicable to the determination of carbon in organic 
substances free from the substances mentioned above. 

Apparatus. This is practically the same as that shown in Fig. 19, with the 
e.\coption8 that copper plugs may be used to advantage in place of the plati¬ 
num plugs. In the absorption end of the train a calcium chloride tube is 
preferred. The calcium chloride should have l)ecn saturated with dry CO, 
gas, the excess of which has lxx!U removetl by a current of pure air. This tube 


Platinum 


Copper 

Platinum Oxide .-Platinum 


Fio. 19.—Diagrammatic Sketch of Combustion Tube. 


is weighed as well as the potash bulb, the calcium chloride retaining the water 
fonned by the combustion of the hydrogen of the organic substance, which 
is thus determined. 

Tlie organi(! substance, if a solid, is introduced into the combustion boat 
directly; if it is a li(|uid, it is held in a bulb blown in a capillary tul)e. One 
end of the tube is sealed and a Indb blown. When cool, the tube is weighed, and 
the material then introduced by first warming the bulb and then inserting the 
open end of the tulie into the liipiid to be examined. By cooling the bulb, liquid 
is drawn into tlie tube. The end is wiijcd off, and the Ihiuiil exjM-lled from 
the capillary by gently heating this portion. The end is now scaled if the 
liquid is volatile, otherwise it is left ojicn, and the tube is weighed. The 
increa.sed weight is due to the organic substance, "he tip of the capillary is 
now broken, if sealing was necessary, by means of a file. The tube containing 
the sjimple is placed in the boat, tlie ojjen end of the capillary pointing toward 
the open end of the combustion tulje. After rronuecting up the apparatus, 
the cop}ier oxide end of the tul>e is heated to redness and oxygen slowly passed 
through the tube at such a rate that the bubbles in the potash bulb can be 
readily counted. The entire tube is n(jw heatcsl and remaining operation is 
the same ns has been described for iron and steel comb\iation. 

The gain of weight of the calcium chloride tube is due to water former! by 
the combustion of hydrogen of the compound, that of the potash bulb to the 
carbon. 

HA)X0.1121 =H, 

CO,X0.2727 =C. 

Carbon in Soilii. One to 3 grams of CO-raesh sample is treated with a solution of 
3.3 grams CrO, -)- 10 cc. H,0 and 50 cc. cone. HsSO, (l.fs4). The evolved (^, is 
al^rbed in standard caustic and titrated with acid, phenolphthalcin and methyl orange 
being used as indicators. (J. Ind. Eng. Chem., 1914, 6, 843-846.) 
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Note. The oxygen gas should be free from hydrogen. A preheater, placed 
before the purifying tubes of the train, causes the combustion of the hydrogen and 
the absorption of the water formed before the gas enters the combustion tube. 


Determination of Carbon and Hydrogen in Nitrogenous 
Substances 


A modification of the first procedure described for determinations of carbon 
and hydrogen in organic substances must be made, since from substances 
containing nitrogen, nitro.so and nitro compounds, oxides of nitrogen are formed 
which would bo absorbed in the calcium cliloride and potash bulbs, giving high 
results for hydrogen and carbon. To overcome this difficulty, a copper spiral, 
that has been reduced (See note below) is placed in the front end of the 
combustion tube (to the right in Kig. 19) to reduce the oxides of nitrogen to 
nitrogen. 


Noto. Reduction of cojiper spiral may be accomplished as follows: The Conner 
spiral IS nrepared bv rolling together a piece of copper gauze about 10 centimeters 
wide, makmg it os large iis will conveniently jiass into the combustion tube. The 
Bpiral u heated till it glows by holding it in a large gas flame, and while still 
hot It IS dropped into a tes^tiilie containing 1 or 2 cc. of methyl alcohol or ether 
7 his quickly bods away, igniting at the end of the tube. The copper is completely 
^ucod to bright metallic copper. 1 he spiral is taken out with a pair of cnieibfe 
tongs and dried by quickly passing it through a flame a few times, and while it is 
still warm it is inti^iiced into the front of the combustion tube. 


The substance is introduced into the tube and the connections made. The 
copper oxide spiral, that was pushed after the boat, is heated, and then the 
rMuced spiral (right end of tube). The oxide near the boat, and finally 
the entire tube is heated to a red heat. When the bubbles cease to show in 
the potash bulb, the stopcoi'k is opened to the oxygen-purifying train and a 
rfow flow of oxygen turned on, the gas allowed to pass through the tube until 
It can be detected with a glowing splinter at the exit of the absorption end of 
the apparatus. 

If the substance is ilifficiilt to burn, it is mixed with freshly ignited (cold) 
jopper oxide, which assists combustion. 

The remainder of the operation is the same as has been described. 


Organic Substances Containing Halogens 

•lu'iL IIS that described for nitrogenous substances 

with the exception that a silver spiral is used in place of the reduced copper 
spiral. The heating of this spiral-should be between 180 and 200° C. (not 
over 200 ). 

Organic Substances Containing Sulphur 

Thew are bwt igniti^ with sodium peroxide and the carbonate formed is* 
determmed by the procedure given for carbon dioxide in carbonates. 

The Wet Combustion Process for Determination of Carbon 

depends upon the oxidation of carbon to carbon dioxide when 
the powde^ material is digest^ with a mbiture of concentrated sulphuric 
acid and chromic acid, or potassium dichromate, or permanganate. The pro- 
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cedure is applicable to oxidation of free carbon, carbon combined in organic 
substances and in certain instances to carl>on combined with metals, where 
the substance may be decomposed by the action of the acids.* It is of value 
in determination of carbonates in presence of sulphides, sulphites, thiosulphates 
and nitrites, which would vitiate results were they not oxidized to more stable 
forms, from passing into the potash bulb with the carbon dioxide. 

Apparatus. The apparatus is identical with that used for determining 
carbon dioxide in carbotiatcs. Fig. 20, with the exception that in place of the 
acid bulb nearest the decomposition flask two bulbs are placed. The first of 
these contains a strong solution of chromic and sulphuric acids, the second 
is filled with glass beads moistened with chromic acid solution. Following this 
is the drying bulb containing concentrated sulphuric acid and finally the 
absorption apparatus, as shown in the illustration. 

Procedure. 0.2 to 1 gram of the powdered material, fine drillings, free 
carbon, or organic substance Ls placed in the decomposition flask. If the 
material is apt to pack it is advisable to mix with it pure ignited sea-sand to 
prevent this. Five to 10 grams of granular potassium dichromate are added 
and the apparatus swept free of carbon dioxide by passing purified air through 
it before attaching the abs<irption apparatus. The potash bulb is now weighed, 
using a counterbalance bulb and following the precautions given in the dry- 
combustion method. The bulb is attached to the train. 

Oxidation. Concentrated .sulphuric acid placed in the acid funnel, attached 
to the decomposition flask, is allowed to flow down on the sample until the 
funnel is almost empty; the stop-cock is then closed. A flame is placed under 
the flask, when the vigorous action has ceased, and the material gently heated 
until the reaction is complete and the organic matter or carimn completely 
oxidized. 

The apparatus is now swept free of rcwidual COj by applying suction, the gas 
being completely absorbed by the potash, or the soda lime reagent. 

The increase of weight of the absorption bulb is d\»n to carbon dioxide. 

('O, X 0.2727 =C. 

Note. The following additional purifiers are frequently advisable: (n) an absorp¬ 
tion bulb containing silver suli)hntc to ab.sorb chlorine and vapors from sulphur 
compounds: (b) a capillary tube of silica or platinum heated to a dull redness to oxidize 
any hydrocarbons, carbon monoxide, etc., that may be evolved and imiierfectly oxidized 
by the chromic acid. 

DETERMINATION OF CARBON DIOXIDE IN CARBONATES 

The methotl is applicable for determination of carbon dioxide in limestone, 
^dolomite, magnesite, strontianite, witherite, spatic iron ore, carbonates of sodium, 
and potassium, bicarbonates in baking powder, earbon in materials readily 
oxidized to COj ehromic sulphuric acid mixture. The procedure depends upon 
the evolution of carbon dioxide by a less volatile acid, or the oxidation of carbon. 
The CO« is absorbed in caustic and weighed. 

Apparatus. The illustration shows the apparatus found suitable for this 
determination. It is Knorr’s apparatus slightly modified. The absorption 
bulb or bottle should be one that will effectively absorb carbon dioxide entering 

' Not applicable for determining carbon in ferro-silicon, ferro-chrome or tungsten 
steel. 
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at a rapid rate. The Vanier. or the Fleming forms is satisfactory for this 
purpose. 

Procedure. A sample weighing 0.5 to 2 grams, according to the carbon 
dioxide content, is placed in the dry decomposition flask (C). The flask is 
closed by inserting the funnel tube {B) fitted with the soda lime tube (A), and 
connected by means of a condenser to the train for removing impurities from 
carbon dioxide, leading to the absorption bulb, as shown in Fig. 20. 



The apparatus is swept out with a current of dry, purified air before attaching 
the weighed absorption bottle. This is accomplished by applying gentle suction 
at the end of the purifying train. The absorption apparatus is now attached 
(Fleming absorption apparatus is shown in the illustration). The tube {B) 
is nearly filled with dilute sulphuric acid (1 : 3), the 8top.cock (B') being closed. 
The soda lime tube is now inserted into place as shown in the cut. The acid 
in (B) is now allowed to run slowly down on the sample at a rate that evolves 
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gas not too rapidly to be absorbed; 1 to 2 cc. of acid being retained in (B) to 
act as a seal, the stop-cock (B') being then closed. 

When the violent action has cea^, the solution in (C) is heated to boiling 
and boiled for about three minutes. If the sample is baking powder, or con¬ 
tains organic matter, the decomposition flask is protected from excessive heat by 
placing a casserole of hot water under it. This prevents charring of the starch 
or organic matter, which would be apt to occur if the direct flame was used, 
(lentle suction is now appluxi to the absorption end of the apparatus and the 
stop-cock (B') opened, allowing the rcmaiiulcr of the acid to flow into the flask (C) 
and admitting a current of air, purified by pa-ssing through the soda lime in 
(A). The suction .should be gentle at first, and then the speed of the flow 
increased to the full capacity of the alxsorption bottle. A fairly rapid current 
is preferred to the old-time procedure of bubbling the gjvs through the apparatus 
at a snail-like pace, but discretion should be used in avoiding a too rapid flow. 

In the analysis of baking powders, where foaming is apt to occur, the decom¬ 
position flask should be of sufficient c.apacity to prevent foaming over. A small 
flask is generally to lie preferred for obvious reasons. By gently heating to 
boiling during the passage of the air, steam ivssists in expelling any residual 
COi in the flask. When the passage of air is rapid, this boiling shouhl be dis¬ 
continued. 

The increase of weight of the absorption bottle is due to the carbon dioxide 
of the sample. This procedure gives total CO,. 


Determination of Carbon Dioxide by Measuring the Qas 

Fairly accurate results may be obtainetl by measuring the gas evolved. A 
large cylindrical tidie having a rapacity of about 1100 rc. is u.sed. The tube 
is graduated from 1000 cc. to 0 .at the upper portion of the cylinder; a space of 
about 100 cc. nsnains at the upper portion. A tube extending from a little 
above the 0 gr.aduation to the bottom of the cylinder carries out the water as 
the gas is admitted. 

To make the run, the cylinder is filled to the mark 0 with saturated salt 
solution.' It is now connected to a condenser.* Twenty-five cc. of saturated 
salt solution are admittccl to the decomposition flask, and the generated gas 
measured by the water displacement in the tube describwl. t^dculatioas are 
made after reduction to standard conditions. .I.! cc. C(Ji at 0“ C. and 760 
nun. weigh 0.01 gram. 

Residual Carbon Dioxide 

This is the COi remaining after baking iwwder has been treated with water 
and the evolved CO, expelled by warming. 

The procedure recommended by the U. S. Department of Agriculture is as 
follows:* 


• H. W. Brubacker, Jour. Ind. Eng. Chem., 1915, 7, 432. 

‘The nitrometer may be used in place of the cylinder and atmon)heric condh 
tiona obtained as usual. Formula for reduction to 760 millimeters and 0° C.: 


r 


V - 

760(H-.003670' 


* Bureau of Chem. Bulletin No. 107. 
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Weigh 2 grams of baking powder into a flask suitable for the subsequent 
determination of carbonic acid, add 20 cc. of cold water, and allow to stand 
twenty minutes. Place the flask in a metal drying cell surrounded by boiling 
water and heat, with occasional shaking, for twenty minutes. 

To complete the reaction and drive off the last traces of gas from the semi- 
solid mass, heat quickly to boiling and boil for one minute. Aspirate until the 
air in the flask is thoroughly changed, and determine the residual carbon dioxide 
by absorption, as described under total carbonic acid. 

The process described, based on the methods of McGill and Gatlin, imitate, 
as far as practicable, the conditions encountered in baking, but in such a manner 
that concordant 'results may be readily obtained on the same sample, and com¬ 
parable results on different samples. 

Available Carbon Dioxide 

The residual is s\ibtractcd from the total, and the difference taken as avail¬ 
able CO,. 

Determination of Carbon Dioxide by Loss of Weight 

An approximate estimation of the carbon dioxide in carbonates—baking 
powders, bicarbonate of soda, limestone, etc., may be obtained by the loss of 
weight of the nmteriai when treated with a known weight of acid. 



Various forms of apimratus are used for this detennination. The Schroetter 
and Mohr types are shown, {"igs. 21 and 22. 

About 0.6 to 1.0 gram of sam|)Ie is taken and placed in the bottom of the 
flask, dilute hydrochloric and strong sulphuric acids then placed in the bulbs 
as indicated in the illustrations. The apparatus is weighed as it is thus charged. 
The hydrochloric acid is now allowed to flow down on the carbonate and the 
stopper closed. The evolved gas passes through the strong sulphuric acid, 
which absorbs the moisture. After the vigorous action has subsid^ the appa- 
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ratus is placed over a low flame and the solution heated to boiling and boiled 
very gently for about three minutes. COt-free air is aspirated through the 
solution to expel the last traces of CO», by applying gentle suction at a and 
opening 6, the air being purifled by passing through soda lime. The apparatus 
is again weighed and the loss of weight taken as the COi of the material. 

Available COj in baking powder may be determined by substituting water 
in place of hydrochloric acid. 


Determination of CO: in Carbonates— 


Hydrometer Method of Barker * 


No mechanical balance or scale is required by 
the following procedure. 

The method depends upon the principle of the 
hydrometer, following the law that when an object 
is immersed in a liquid it is buoyed up by a force 
equal to the weight of the liquid displaced by the 
object. The carbon dioxide set free from the 
sample decreases the weight; and the rise <if the 
graduation scale tube above the water records the 
percentage of carbonates from which the gas was 
released. The procedure is suitable for determin¬ 
ing the comparative strengths of baking powders, 
for rapid tests of the quality of limestone and for 
estimation of carbon dioxide of carbonates in 
general. 

Procedure. To analyze a sample for carbon¬ 
ates measure out 40 cc. of hydrochloric acid (sp.gr. 
1.15), using a small graduate; pour this into the 
acid reservoir through the oirening .1. With 
graduated stem disconnected hang a 10 gram 
weight at B. The hydrometer should then float 
in a cylinder of water and be immersed to some 
point at C. Remove the 10 gram weight and in¬ 
troduce pulv'erizetl limestone, or other substance 
that is teing tested, until the instrument is im¬ 
mersed to exactly the same point that it occupied 
with the suspended weight. The reservoir will 
now contain 10 grams of sample. Connect up the 
graduated stem and add water, a drop at a time, 
through the funnel-shaped top, until immersed to 
the zero point. Raise the hydrometer out of the 
water and open the stopcock D until the acid drops 
slowly into the reaction chamber, decomposing the 
carbonate. As the reaction proceeds the instru¬ 
ment rises slowly and at the conclu.sion the point 
on stem at the surface of the water gives the per 



Fio. 22a.— Barker's Hydro¬ 
meter. 


* J. F. Barker, Jour. Ind. Eng. Chem., IX, 8, 786-787 (1917). 
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cent of calcium carbonate equivalent to the carbon dioxide in the sample. 
This figure is the calcium carbonate equivalent so often mentioned in connec¬ 
tion with limestone analyses. 

A Fahrenheit thermometer accompanies each instrument and is hung inside 
the floating cylinder. Its reading is taken before and after each determination 
to allow for any error due to change in temperature. To the figure for calcium 
carbonate equivalent add 0..5 for each degree rise, or subtract 0.5 for each 
degree fall in temperature between the two readings. This temperature change 
need seldom amount to more than a fraction of a degree. 

Notes, "nie limestone may be weighed to an aceuraey of 0.02 gram. The weight 
of CCh remaining in the apparatus tends to olIwU, the loss duo to moisture escaping with 
the gas, but the difference, together with any other sources of error has been account^ 
for m the graduation of the reading stem. 


Determination of Percarbonates 

Pcrcarbonates are decomposed by dilute sulphuric acid according to the reaction 
K,C,0,-i-211»S04 = 2KHS()4-(-2CO, 4-H/),. 

F™c*d“te. Two tenths of a gram of the salt is added to about 300 cc. of cold dilute 
sulphuric a<!id (1 :30). The lilierated hydrogen peroxide is titrated with potassium 
permanganate. 

1 ee. N/10 KMnO, =0.00991 g. K,C, 04 . 
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VOLUMETRIC METHODS FOR THE DETERMINATION OF 

CARBON 

Total Carbon. Absorption of Carbon Dioxide in Barium Hydroxide 

Tho carbon dioxide evolved by oxidation of the material by dry combustion 
with oxygen or by oxidation with chromic sulphuric acid mixture is absorbed 
in barium hydroxide, free from carbonate, and the precipitated barium car¬ 
bonate titrated with standard hydrochloric acid. 

Procedure. The e.sscntial difference in this method from those already 
described under the gravimetric methods is in the fact that a iierfectly clear 
saturated solution of barium hydroxide is used for absorption of the carbon 
dioxide in place of caustic potash, t'onsidcrable care must te exercised to 
prevent contaminating the reagent witli carlxmate. The solution is drawn 
by suction through a siphon, dipping below tho surface of the reagent, into the 
absorption tube, which should be of such construction that the material may 
readily be poured out. Details of the procedure are given in the chapter on 
Iron and Steel, Volume II, under carbon determination. The precipitate 
barium carbonate is filtered off and washed by a special procedure, and then 
titrated with standard hydrochloric acid. 

1 cc. 0.1 X nCl=0.0006 g. 

Determination of Carbon by Measurement of the Volume of Carbon Dioxide Evolved 
by Oxidation of Carbon, or by the Decomposition of Carbonates with Acid. 

Description of the Schcibler and Dietrich Process aiul that of Lunge and March- 
Icwski are given In Mellor’a work on “Inorganic .Analysis,” pp. 556-.5.59, Ist Ed. 
A modification of Wiborg's method is descril)cd in Uluir, "(Uicmical Analysis of Iron,” 
pp. 146-149, 7th Ed. 

Determination of Carbon Dioxide in a Gas Mixture. 

Sec Gas Analysis. 
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Direct Colorimetric Method for Determination of Combined 

Carbon 

The procedure is of value to the steel laboratory where a large number of 
daily detenninations of combined carbon are requir^. By this method over a 
hundred determinations a day may be made by an experienced manipulator. 
The method depends upon the color produced by combined carbon dissolved 
in nitric acid, the depth of color increasing with the combined carbon content 
of the material. Comparison is made with a standard sample of iron or steel, 
which is of the same kind and in the same physical condition as the material 
tested.* That is to say, a Bessemer steel should be compared with a Bessemer 
standard, open hearth with open hearth, crucible steel with crucible steel, the 
standards containing approximately the same amounts of carbon, and as nearly 
as possible the same chemical composition. The samples should be taken 
from the original bar which has not been reheated, hammered, or rolled. Copper, 



Fm. 2.3. Fid. 24. 

Hot Water Hacks for Test Tubes. Color Cnrbon Determination. 


cobalt, and chromium will interfere witli the test; the other elements have very 
little effect. 

Procedure. One standard sample of 0.2 gram and the same amount of 
sample drillings are taken for analysis. The weighings are conveniently made 
in brass or aluminum pans, boat-shaped to enable the drillings to be dumped 
into tcst-tul)C8. A counterpoise, weighing the same as the boat, is placed on 
the opposite pan, together with the 0.2 gram weight. A magnetized knife will 
assist in removing tho excess of material. The weighed sample is brushed into 
a test-tube (i ins. long (1.50 mm.) f in. (16 mm.) in diameter. (Each test-tube 
has a label near tho open end to distinguish the sample.) A rack or a 600-cc. 
beaker may be employed for holding tho test-tubes during the weighing. After 
the batch is ready tlie tubes are transferred to a perforated rack (Figs. 23 or 24) 
and this then sbssl in the water bath filled with cold water. 

The proper amount of nitric acid (sp.gr. 1.2; e.g., 1 cone. HNOi : 1 HjO), 
from a burette, is now added to each test-tube. 

3 cc. HNO. for 0.3% C. 6 cc. HNO, for 0.8 to 1 % C. 

4 cc. HNOi for 0.3 to 0.5%. 7 cc. HNOi for over 1% C, steel*. 

5 cc. HNO. for 0.5 to 0.8% C. 

• Blair, “The Chemical Analysis of Iron.” 
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The depth of color produced by the acid will give an idea of the amount 
required. One cc. of acid is added at a time until the depth of color is correct. 
This requires experience gained from observation of the color produced by standard 
samples. The acid is added slowly to the coarse drillings. Insufficient acid 
gives a darker tinted solution than it pnqierly should be. The nitric acid should 
be free from chlorine and hydrochloric acid, since these produce a yellow color. 
(Cl and FeCl, are yellow.) 

A glass bulb or a small funnel is placed in each test-tube and the water in 
the bath then heated to boiling and boiled until all the carbonaceous matter 
has dissolved, the tubes being shaken from time to time to prevent formation 
of a film of oxide. Ix)w-carbon steels reiiuire about twenty minutes, whereas 
steels of over 1% carbon require about forty-five minutes. (Ulair.) As soon 
as the bubbles cease and the brownish flocculent matter disapiiears, the rack 
is removed from the bath and placed in a cus.siirol(! of colil water. (Prolonged 
heating and strong light each causes fading of the color due to combined carbon.) 



Fia. 2.5.—(.larlx)!! Tulies. 



Fig. 26.—Color (.'oinparator or Camera. 


Color Comparison. This is made in graduated, clear colorless, glas.s cyl¬ 
inders called carbon tubes. The form shown m ^'8 ^ 
writer ‘ to be the most satisfactory type for a steel-works laboratoo 
of manipulation was essential. The bend at the up,^r ® ^ 

facilitate mixing of the solution upon dilution wiUi water ^ 

back and forth until the solution is homogeneous, the bend pn.venting the 
fiouid frli sSing The dilution should be at least twice that of the amount 

‘‘"’Tte'Sdlrf b poumi Into ll» ™,“T “V',?: 

tube add^ The sdution is diluted to a convenient multijile in cc. of the 
I Fnr exnmnle 0 45% carbon sample may be diluted to 9 cc., 

oHhr sample is darker than the standard, water is added little by little, 


I \V. W Scott. 
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followed by mixing, until the shade matches the standard. If the standard, 
on the other hand, is darker than the sample, a greater dilution of the standard 
is necessary, the cc. again representing a multiple of the carbon content. For 
example dilution of the .45% carbon sample to 15 cc. makes each cc. to repre¬ 
sent 0.03 carbon. (It i.s frecpiently advisable to take a standard of lower carbon 
content in place of greater dilution of the standard.) 

Example. 8up|)osc in the first case the dilution of the sample was 15 cc. 
in order to match the standard, then 15X 0.05 = 0.75% carbon. Six cc. dilution 
case 2 =6X0.03 =0.18% carbon. 

The color comparison can be best made in a “camera,” a long box with one 
end closed by a ground-glass screen. Fig. 26. Parallel to the screen and near 
it, two holes through the top of the box admit the test-tubes. The inner walls 
of the camera are blackened to prevent reflection of light. If a camera is not 
available, the tubes may be held side by side and compared against a sheet 
of white paper held as a background. 


CARBON DETERMINATION IN STEEL 

Beneker’s Modification of Eggertz’s Method for Determining 
Carbon in Steel 

By this procedure interference of the color due to iron is eliminated. 

.2 g. of the sample and standard (whicli does not need to be very similar 
in carbon content to the sample) are weighed into two test tubes, treated 
with .7 cc. — 10 cc. of nitric acid of the usual dilution, say 3 parts water to 
2 parts acid, and warmed until dissolved and perfectlv clear. When cold, 
J CO. of 85% phosphoric acid is added to each tube, transferred to the com¬ 
parison tubes and read. When this method is u.sed on low carbon steel the 
bleaching action is very pronounced, because in that case the iron color bleached 
out represents the major part of the original color. Dilution of standard or 
sample introduces no error, because of the absence of the interfering iron color. 


ANALYSIS OF GRAPHITE 
Determination of Carbon 

The procedure for detennining carbon in graphite is the same as that de¬ 
scribed for determination of carbon in difficultly combustible organic substances. 

The material is broken down in a steel mortar and powdered in an agate 
mortar. About 0.2 gram is taken for the determination and mixed with copper 
oxide to assist the combustion, then placed in the boat and the combustion 
of the carbon carried on according to the standard method in the combustion 
tube. 


CO,X0.2727 -C. 
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CYANOGEN 

DETECTION 

Traces of Hydrocyanic Acid. To the solution to be tested are added two 
drops of 10% NaOH and the mixture is evaporated to near dryness. After 
cooling, a drop of 2% ferrous sulphate is added and the sample allowed to 
stand in the cold for about fifteen minutes. Now 2-3 drops of strong HCl 
are added and the solution warmed gently, then cooled. The solution is a 
blue green if HCN was present in the original sample. 0.000002 g. HCN may 
be detected. 

Note. Test for Cyanide. Thi< dep-nds iipon the solvent action of HCN upon 
freshly precipitated HgO in presence of KOH. The filtrate is tested for mercury 
in an acid solution by addition of H»S. (Hood.) 

VOLUMETRIC DETERMINATION OF HYDROCYANIC ACID* 

The method deijcnds upon the decolorisation of the blue ammoniacal solu¬ 
tions of cupric salts by a soluble cyanide, the reduction to cuprous condition 
being available for an accurate (|uantitative estimation of the cyanide. 

Standard Copper Sulphate. Twenty-five grams of copper sulphate, 
CuS(^4 '5 IIjO are dissolved in a 1000-cc. flask with .lOO cc. of distilled water and 
ammonium hydroxide added until the precipitate that first fonns dissolves and 
a deep blue solution is obtained. Water is now added to make the volume exactly 
1000 cc. The cupric solution is standardized by running a portion into a solu¬ 
tion containing 0.5 gram pure p()ta.s.sium cyanide, KCN, jicr 100 cc. of water 
and 5 cc. of aiiunonium hydroxide until a faint blue color is evident. Chlorides 
do not interfere. 

Procedure. 0.5 gram of the soluble cyanide is dissolved in 100 cc. of water 
and 5 cc. strong ammonium hydroxide added. The standard cupric sulphate 
solution is now added until the blue color is obtained. The cc. required mul¬ 
tiplied by the factor of the copper salt in terms of the salt sought gives the 
weight of that salt in the sample. 

Liebig’s Method for Determination of Hydrocyanic Acid. Soluble 

Cyanides ’ 

Silver nitrate reacts with an alkali cyanide in neutral or alkaline solution as 
follows: AgNOi-l-2KCN =Ag(CN)jK-l-KNOi. The potassium silver cyanide is 
soluble, hence the precipitate that first forms inunediatcly dis.solves on stirring 
as long as the cyanide is present in excess or in sufficient quantity to react 
according to the equation. A drop of the silver salt in excess will produce 
a permanent turbidity, owing to the following reaction: 

Ag(CN)dC-|-AgNO,=2AgCN-hKNO„ the insoluble AgCN being formed. 

• J. McDowell, C. N., 1904, p. Wl. 

*Ann. d. Chem. und Pharm., 77, p. 102. 
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Proceduie. The alkali cyanide contained in a beaker placed over a sheet 
of black glazed paper, is treated with 4 to 6 cc. of 10% KOH solution and 
diluted to 100 cc. The liquid is now titrated with standard silver nitrate, with 
constant stirring, until a faint permanent turbidity is obtained. 

One cc. N/10 AgNOi = 0.013022 gram KCN. 

Determination of Cyanide by Volhard’s Method 

4 

The method involves Volhard’s method for determining halogens, the 
procedure depending upon the fact that the silver salts of cyanides are insoluble 
in dilute cold nitric acid solutions. 

The neutral cyanide .solution is treated with an excess of silver nitrate 
reagent, and slightly acidified with nitric acid and diluted to a definite volume 
in a measuring flask. A imrtion of the solution is now filtered through a dry 
filter, and a convenient aliquot portion of this is titrated with standard thio¬ 
cyanate solution, using ferric alum as indicator (see page 149) to determine the 
silver nitrate present. From this titrate the excess silver nitrate reagent 
added and that combined with the cyanide ascertained. 

1 cc. N/10 AgN 03 = 0.006511 g. KCN or 0.002601 g. CN. 

Determination of Cyanide and Thiocyanate in Presence of One 

Another 

The cyanide is determined preferably by Liebig’s method, page 131 and 
the cc. of AgNOj required recorded. To the alkaline or neutral solution is 
added an excess of standard AgNOa and the solution acidified with HNOj, 
then made to definite volume and a portion filtered. The silver nitrate in a 
convenient amount of the filtrate, an aliquot portion of the whole, is deter¬ 
mined by titrating with standard thiocyanate solution, using ferric alum 
indicator (page 149). From this titration the excess of AgNOa added is deter¬ 
mined, and the amount of reagent required for the thiocyanate is known. 

1 cc. N/10 AgNOs = 0.006511 g. KCN 

or 0.002601 g. CN or 0.005808 g. CNS. 

In place of the above method the following may be used: One portion.o^ 
the solution is treated with nitric acid and the thiocyanic acid oxidized to 
sulphate. By adding Bn(NOj )2 solution BaSOi is precipitated and the equiva¬ 
lent thiocyanic acid cidculated, also the equivalent N/10 AgNOa that would 
be required to precipitate this. In another portion an excess of N/10 AgNOj 
is added and the thiocyanate and cyanide precipitated. The excess of the 
silver nitrate may now be determined by Volhard’s method described above 
and the amount required by CN and CNS thus ascertained. The amount of 
reagent required for CNS is subtracted from this total and that required by 
CN thus obtained. The factors are given above. 

For determination of cyanide in presence of the halogens see the chapter 
on chlorine, page 154. 
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COMPLEX COMPOUNDS—FERRO AND FERRI CYANIDES 
Hydroferrocyanic Acid 

On gram of the hydroferrocyanide in 100 cc. of water acidified with 10 oo' 
of sulphuric acid is titrated in a casserole with standard potassium perman¬ 
ganate to a permanent pink color. The end-point is poor, so that it is advisable 
to standardise the permanganate against pure potassium ferrocyanide. 

Reaction: 2H4Fe(CN),4-0= H,0-|-2H,Fe(CN). 

One cc. N KMnO,= 0..1683 gram KiFefCN), 

Hydroferricyanic Acid 

Ten grams of hydroferricyanide are dissolved in water, the solution made 
alkaline with KOH and heated to boiling and an excess of ferrous sulphate 
solution added. The yellowish brown ferrid hydroxide turns black with excess 
of ferrous salt. The solution is diluted to exactly 500 cc. and 60 cc. of a 
filtered portion titrated with potassium permangatc. 


One cc. N KMn 04 = .3292 gram KjFe(CN)e. 
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The illustration below shows a convenient form of cabinet for electrolytic 
determinations. The'cabinet can be obtained from the Denver Fire Clay Co., 
Denver, or from Braun Corporation, Los Angeles. The anode may be rotated 
or left stationary as desired. 



Fio. 26a'. Electrolytic Analysis Cabinet. 


In the determination of copper in alloys, 0.5 g. alloy is dissolved in 10 cc. 
HNOi in a 250 cc. beaker, the solution diluted to 100 cc. is treated with 5 cc. 
HsS 04 and electrolyzed at l|-2 amperes. Do not use greater current. 0.2 g. 
Cu deposits readily in 1 hour with the rotating anode. Turn switch, after 
washing the deposit with water and alcohol, to “Off” position, otherwise 
the current will be broken through remaining units. Each unit has its ow’n 
switch. 

In determining copper in ores, iron is removed by precipitation with 
NH40H.(30% Fe carries down 0.3% Cu on 0.5 g. sample), lead is removed 
as sulphate and the filtrate electrolyzed for copper. 

Copper is removed from the electrode by means of HNOj. 

Fig. 26a' by courtesy of the Denver Fire Clay Company. 






CERIUM AND THE OTHER 
RARE-EARTH METALS 


Atomic 

num¬ 

ber 

Name 

Sym- 

l>oi 

Atomic 

weight 

Colour of 
sesquioxide 

Absorption 

six^ctrum 

Solubility of double 
sodium sulphates 

57 

.58 

59 

00 

01 

02 

Lanthanum 

Cerium 

Praseo¬ 

dymium 

Neodymium 

La 

Ce 

Pr 

Nd 

139.0 

140.25 

140.9 

144.3 

White 

White 

tlreenish- 

yellow 

Lilac 

None 

None 

Strong 

Strong 

Cerium group: 

Double sodium sid- 
phates insoluble in 
saturated sodium 
sulphate solution. 

Samarium 

Sa 

1.50.4 

Yellowish- 

white 

Strong 

03 

01 

65 

Europium 

(ladulinium 

Terbium 

Eu 

(id 

Tb 

I 

Pale pink 

White 

White 

Paint 
] In the 
) L’ltra- 
J violet 

Terbium group: 
Double sodium sul¬ 
phates .sparingly sol¬ 
uble in saturated 
sodium sulphate so¬ 
lution. 

;?9 

00 

07 

08 

09 

70 

71 

Yttrium 

Dysprosium 

Hnimium 

Erbium 

Thulium 

Ytterbium 

Lutecium 

Y 

Dv 

Hi) 

Er 

Tin 

Yb 

Lu 

,8.8.7 

102.5 

103.5 
107.7 

108.5 

173.5 
175.0 

White 

White 

Pale yellow 
lto.se 

White 

White 

White 

None 

Strong 

Strong 

Strong 

Moderate 

.None 

None 

Yttrium group: 
Double soduim sul¬ 
phates readily solu¬ 
ble in siiturated 
stslium sulphate 
solution. 


All the metals in the above list have now been charaeterised with certainty 
as elements. The results of X-ray analyses of the elements indicate that 
another rare-earth metal, and only one, of atomic number 61, still remaiiis 
to be discovered. Pilement 72 or celtiurn, discovered by Urbain in 1911, is 
not a rare-earth element but an analogue of zirconium; it appears that Coster 
and Hcvesy’s hafnium (1923) is identical with celtiurn. When a mixture of 
praseodymium and neodymium is referred to, the old term didyrnium (symbol 
Dl) is often used for the sake of brevity. 

Only a few of the rare-earth metals have so far been prepared in the pure 
state, but an alloy of the cerium metals, prepared from the oxides which 
form a by-product in the extraction of thoria from monazite, is used under 
the name of Mischmctall as a reducing agent for preparing a number of metals 
from their oxides. Cerium (and, to a very limited extent, didyrnium) nitrate 
is used in the gas-mantle industry. Cerium or Mischmetall forms the basis 
of the pyrophoric alloys for cigarette and gas lighters. Cerium glass (Crookes’ 

W. R. Schoeller, Ph.D., and A. R. Powell. 

Metallurgical chemisU, Ixmdon, England. 
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glass) containing ceria and various other oxides, whilst transparent to light 
rays, intercepts the ultra-violet and a large proportion of the heat rays. A 
small quantity of yttria is consumed in the manufacture of filaments for 
Nernst lamps. To a limited extent, cerium compounds are employed in 
medicine; they have been proposed for use as catalysts, in dyeing, tanning 
and photography. 


Table of the Moke Important Rahe-Earths Minerals 


Name 

Composition 

Solvent 


Phosphate of the ceria earths and thoria. 
Phosphate of the yttria earths. 
2Be0Fe0.y/),-2Si0,. 

HsSO, 


HiSO, 


HCl or H,SO. 


Hydrated silicate of eeria earths, lime 
and ferrous oxide. 

Titanocolumbates of rare earths (chiefly 
yttria) containing uranium. 

Columbate of the yttria earths, lime and 
ferrous oxide, containing uranium. 

Tantalatc of yttria, lime and ferrous 
oxide. 

HCl or HsSO* 

NaHSO, or HF 

Euxenite/Polycraao... 


NaHSO, or HF 


NaHSOi or HF 


The only mineral of considerable commercial importance is monazite; 
this is due, not to its content of rare earths, but- of thoria, monazite forming 
the raw material for the gas-mantle industry. Ceria and the other earths of 
the cerium sub-group are obtained in large quantities as by-producte in the 
extraction of thoria from monazite. Yttria is extracted from gadolinite. 

QUALITATIVE ANALYSIS 

Detection of the Rare Earths in the Systematic Procedure for Qualitative 
Analysis. The rare earths are precipitated as hydroxides by ammonia and 
are therefore found, together with alumina, ferric hydroxide, etc., in the 
precipitate obtained in the ordinary course of analysis. The precipitate is 
dissolved in hydrochloric acid and the solution evaporated to dryness or 
carefully neutralised with ammonia. In the former case the residue is dissolved 
in 150 cc. of dilute hydrochloric acid (30 cc. of strong acid per litre) and the 
solution, warmed to 60° C., treated with 30 cc. of saturated oxalic acid solution. 
A white crystalline precipitate, obtained either at once or, in the case of small 
quantities, after standing over night in a warm place, consists of the oxalates 
of some or all of the following oxides: the rare earths, thoria, and scandia. 
The washed oxalate precipitate is brought into solution by digestion with 
fuming nitric acid of sp. gr. 1.5 and subsequent evaporation to dryness; the 
residue of nitrates is converted into chlorides by the usual evaporation to 
dryness with hydrochloric acid. The chlorides are dissolved in water and the 
solution boiled with sodium thiosulphate: thoria and scandia are precipitated. 
The filtered solution is treated with excess of ammonia: a white flocculent 
precipitate, which discolors on exposure to air if cerium is present, indicates 
the presence of the rare earths. 

For further characterisation the precipitate is collected, washed with hot 
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water, dissolved in hydrochloric acid, and the solution saturated with solid 
sodium sulphate: if a white crj-stallinc precipitate forms, the cerium group is 
present. The filtrate is again treated with ammonia when the earths of the 
yttrium group are precipitated as hydroxides. The metals of the terbium 
group are found in both fractions. 

The double sulphate precipitate of the cerium metals may be treated as 
follows: it is converted into hydroxides by digestion with caustic soda and 
the washed precipitate is dissolved in dilute nitric acid. The solution is 
boiled with pota.ssium bromate and lump iirnrhle by which procedure the 
cerous nitrate is oxidised to ceric salt which is then hydrolysed with precipita¬ 
tion of a yellow basic salt whilst the nitrates of the other rare earths remain 
unchanged. The cerium precipitate is filtere<l off and dissolved in strong 
nitric acid; the solution, on addition of citric acid, ammonia, and hydrogen 
peroxide, gives a yellow to brown coloration characteristic of cerium. The 
filtrate from the cerium precipitate is treated with ammonia, the precipitate 
dissolved in nitric acid and the licpiid evaijorated to dryne.ss: the dry residue 
is heated to 450° C. for half a minute, the cooled mass extracted with water 
and the liquid filtered. The more basic lanthanum is chiefly in the filtrate, 
the less biisic didymium in the residue. Lanthanum is characterised by 
addition of a few drops of acetic acid, iodine solution in potas.sium iodide, 
and ammonia, drop by drop until the brown color of the iodine nearly disap¬ 
pears; a blue color, appearing on gentle warming, indicates lanthanum. The 
residue of ba.sic didymium nitrate is ignited: the brown color of the resulting 
oxides, due to a higher oxide of praseoclymium, proves that metal to be present; 
it is invariably associated with neodymium. 

The precipitate of hydroxides of the yttria group, obtained above, may be 
dissolved in nitric .acid and the solution te.sted for its absorption spectrum 
(erbia, etc.). Yttria is by far the most common earth of this group. 

Detection of Cerium. If it is desired to prove the presence of cerium only, 
the procedure is the same as that outlined above up to the point where the 
ammonia precipitate of rare-earth hy<lroxidc8 has been obtained in the filtrate 
from the thoria-scandia precipitation l)y thiosulphate. The ammonia precipi¬ 
tate is collectetl, washed, and dissolved in nitric acid with a little hydrogen 
peroxide, if necessary. The solution is taken to dryness and the residue 
dissolved in water. Cerium is detected in this solution in the presence of 
the other rare earths by colour reactions ba.sed on oxidation to the ceric state: 

1. Boiling with lead peroxide and nitric acid causes the appearance of a 
deep yellow color. 

2. The solution is treated with tartaric acid, made ammoniacal, and boiled 
with a few cc. of hydrogen {leroxide: a dark brown coloration develops. 

3. Ammonium acetate and hydrogen peroxide produce a yellow precipitate 
or colour. 

4. In the presence of large quantities of the other rare earths a precipitate 
rich in cerium may be obtained by addition of hydrogen peroxide to the 
solution, followed by ammonia added drop by drop until a slight permanent 
precipitate forms: cerium will be concentrated in the precipitate, the colour of 
which will be orange to reddish-brown. 
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QUANTITATIVE ANALYSIS 

Decomposition of Minerals. Concentrated sulphuric acid is the most 
generally applicable solvent; it can be used for practically all rare-earth 
minerals except those containing tantalic, Columbia and titanic acids, which 
are best decomposed by fusion with sodium bisulphate (pyrosulphate). When 
the mass resulting from the decomposition by sulphuric acid is dissolved in 
water, it should be borne in mind that the sulphates of the rare-earth metals, 
whilst soluble in cold water, yield sparingly soluble compounds at higher 
temperatures; care should therefore be taken in keeping the temperature of 
the solution below 20° C. The use of ice-cold water is recommended as this 
counteracts the rise in temperature resulting from the hydration of the strong 
acid; alternatively the cold pasty mass is simply stirred into a large excess 
of cold water. Again, the double sulphates of the cerium group and potassium 
are more insoluble than the corresponding sodium salts; sodium bisulphatc is 
therefore to be preferred to the potassium salt as a flux. If the sodium bi¬ 
sulphatc melt begins to solidify before decomposition is complete, it is allowed 
to cool somewhat and treated with 1 cc. of strong sulphuric acid; on renewed 
heating the bisulphatc is regenerated. In the case of decomposition by 
hydrofluoric acid, the rare earths are obtained as a residue of insoluble fluorides 
which must be converted into sulphates by evaporation with strong sulphuric 
acid. Cerite and gadolinite are silicates decomposable by hydrochloric or 
sulphuric acid. 

SEPARATIONS 

1. Separation of the Rare Earths (and Thotia) from Other Metals. The 
oxalate |)rccipitation outlined under " Qualitative Analysis ” is also a quanti¬ 
tative method for separating the rare earths from base metals of the ammonia 
precipitate. The chloride solution of the ammonia precipitate, if acid, is 
evaporated to dryness and the residue dissolved in 0.3N hydrochoric acid so 
that the concentration of the oxides present is less than 1 gram per 60 cc. 
The solution is warmed and precipitated with a saturated solution of oxalic 
acid BO that the final solution contains 3 grams of free acid per 100 cc. The 
oxalate precipitate, which is flocculent at first, soon becomes crystalline; it is 
allowed to stand over night in a warm place, filtered off, and washed with a 
1% solution of oxalic acid. If the base metals are present in fairly large 
quantity, it is best to repent the precipitation: the oxalates are digested with 
caustic soda, the hydroxides filtered off, washed and dissolved in nitric acid; 
the solution is evaporated to dryness and the residue treated as before. The 
solubility of the oxalates of the rare earths in water is of the order of 0.4 to 
1 milligram of anhydrous oxalate per litre. They are more soluble in dilute 
mineral acids, but the solubility is reduced by the presence of free oxalic acid. 

Another method of separating the rare earths and thoria from base metals 
of the ammonia group consists in precipitating them as fluorides from a weakly 
acid chloride solution. This method is less reliable and convenient than the 
oxalate precipitation. 

2 . Separation of the Rare Earths from Thoria. The oxalate precipitate 
obtained as just described is digested with fuming nitric acid and the solution 
evaporated to dryness. The mass is moistened with water and dried again; 
it is then dissolved in 100 cc. of water, 10 grams of ammonium nitrate are 
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added, the solution is heated to 60“ C., and the thorium precipitated by 
addition of 20 cc. of hydrogen peroxide. The gelatinous precipitate is collected, 
washed with 2% ammonium nitrate solution, and dissolved in nitric acid. 
The solution is evaporated to dryness and the precipitation of the thorium 
repeated as before. The combined filtrates, which contain the rare earths, 
are treated with ammonia and the washed precipitate is redissolved in nitric 
acid; the solution is then ready for the separation of cerium from the other 
earths by one of the following methods. 

3. Separation of Cerium from the Rare Earth Metals. The methods for 
the quantitative separation of ceria from the other earths are based on the 
fact that cerium alone can be oxidised to the (luadrivalcnt ceric state, and 
ceric hydroxide being a weak base, its salts are easily hydrolysed. 

(а) James and I’ratt’s method (Jour. ,\mer. Chem. Soe., 1011, 33, 1326) 
consi.sts in boiling the neutral nitrate solution with potassium bromate. As 
soon as bromine vapours begin to be evolved two or three small lumps of marble 
are added to the solution which is boiled for some hours, water being added 
from time to time to replace that lost by evaporation. When a qualitative 
test by hydrogen jx>roxide in a small part of the filtered solution shows only a 
trace of cerium, the boiling is interrupted and the marble renmved and washed. 
The precipitate is left to settle, filtered off, and washed with a 5% solution of 
nmtnoi\ium nitrate. For very accurate work the; precipitate is dissolved in 
nitric acid with the help of a little hydrogen peroxide, the solution evaporated 
to dryness and the whole process reiK’ated. The combined filtrates containing 
the rare earths and a trace of cerium arc boiled with more bromate and marble 
until the peroxide test for cerium is negative. The small precipitate so 
obtained requires purification by reprecipitation. 

(б) In Brinton and James’ method (Jour. Amer. Chem. Soc., 1919, 41, 
1080) the cerium is oxidised by means of potassium bromate and the metal in 
its quadrivalent state jiri'cipitated ns iodate. The cold solution of the rare- 
earth nitrates (.W cc.) containing not more than O.l.'i gram of ceria is treated 
with 25 cc. of strong nitric acid and 0..5 gram of potassium bromate. This is 
followed by 10 to 15 times the quantity of pota.ssium iodate (in the form of a 
solution containing 100 grams of iodate and .333 cc. of strong nitric acid per 
litre) required to precipitate ceric iodate Cc(I04)<, added slowly with constant 
stirring. The bulky flocculcnt precipitate is left to settle in the cold and 
filtered off; the beaker and precipitate are washed once with a solution con¬ 
taining 8 grams of pota.ssium iodate and .50 cc. of strong nitric acid per litre 
and the precipitate is rinsed back into the beaker, thoroughly stirred up with 
50 cc. of the washing solution, and again filtered on the same paper. The 
precipitate is once more returned to the beaker with hot water and dissolved 
by boiling with not more than the necessary amount of strong nitric acid 
(20 to 25 cc.). The solution is again treated with potassium bromate (0.25- 
gram) and the same amount of pota.ssium iodate as for the first precipitation. 
The precipitate is left to settle completely, filtered off on the paper previoiMly 
used, returned to the beaker and stirred up with 50 cc. of washing solution, 
and finally washed several times on the filter with the same solution. Filter 
and precipitate are then boiled in the original beaker w'ith .5 to 8 grams of 
oxalic acid and 50 cc. of water until iodine vapours cease to be evolved. After 
standing for several hours the cerous oxalate is collected, washed with cold 
water, ignited strongly in a platinum crucible and weighed as CeOj. 
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ESTIMATION OF CERIUM 

1. Gravimetric. In technical practice cerium is almost invariably esti¬ 
mated volumetrically as this procedure obviates its separation from the other 
rare earths. The only compound obtained in gravimetric work is the dioxide, 
CeOi, which is formed when cerium salts of the volatile acids are strongly 
ignited. Thus in the preceding paragraph ceric iodate was converted into 
cerous oxalate which was ignited to dioxide. The routine process consists in 
obtaining the cerium in a nitric acid solution. For this purpose, ceric hydroxide 
as obtained in the bromate-marble separation from the other rare earths is dis¬ 
solved in nitric acid and hydrogen peroxide and the solution is evaporated to 
dryness. The residue is dissolved in water and a few drops of nitric acid, 
and an excess of oxalic acid is added to the hot solution which is allowed to 
stand on the water bath until the precipitate becomes crystalline. The 
cerous oxalate is filtered off next day, washed with slightly acidulated water 
and ignited gradually at first, then more strongly over a blast burner. The 
residue is weighed as CeOs. Factors: CeOs to Ce=0.8142; CeOj to CcjOj 
= 0.9536. The oxalate for the purpose of gravimetric estimation should be 
precipitated in a solution free from hydrochloric acid and alkali metals or 
high results will be obtained. 

2. Volumetric. The volumetric estimation of cerium is both quick and 
accurate and is therefore applied in commercial and industrial practice. The 
other rare earths need not be eliminated. Of the several processes published 
only Metsger’s bismuthate method (Jour. Amer. Chem. Soo., 1909, 31, 623) 
will be described here as it is easily carried out and reliable in the presence of 
thoria, zirconia and the rare earths. 

Cerium and the rare earths are first separated from the base metals by 
precipitation as oxalates (see under “ Separation from other Metals ”); the 
precipitate is ignited to oxides and these are converted into sulphates by 
heating with 20 cc. of strong sulphuric acid. The cooled mass is poured into 
100 cc. of ice-cold water and the solution treated with 2 grams of ammonium 
sulphate and 1 gram of sodium bismuthate, boiled for 5 minutes, cooled and • 
filtered through a Gooch crucible on asbestos which has previously been 
washed with an acidified solution of potassium permanganate followed by 
water. The crucible is washed with about 100 cc. of 2% sulphuric acid, a 
small excess of ferrous sulphate solution is added to the filtrate and this excess 
is measured by N/20 permanganate. According to the equation 

2Ce(80,),-|-2FeS0i=Ce2(S04)>+Fc,(S0,),, 

140.25 parts of cerium are equivalent to 55.84 parts of iron; hence the iron 
factor of the permanganate multiplied by 2.5116 gives the cerium factor. 
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ESTIMATION OP THE OTHER RARE EARTHS 

1. Estimation of the Sum of &e Rare Earths Other than Ceria. This is 
preceded by the separation of ceria by one of the methods described. If the 
bromatc-marble method has been used, the solution is acidified with 6 cc. of 
nitric acid per 100 cc. In the case of the iodate-bromate method the combined 
filtrates are diluted somewhat and precipitated with caustic soda. The 
precipitate is filtered off, well washed, and dissolved in nitric acid. The 
solution is evaporated to dryness and the residue taken up in water containing 
5 cc. of nitric acid per 100 cc. 

Either solution is treated whilst hot with an excess of saturated oxalic acid 
solution. After standing over night the precipitate is collected and wa.shed 
with acidulated water. For accurate work reprecipitation is recommended. 
The precipitate is rinsed off the paper and evaporated twice to dryness with 
fuming nitric acid. The residue is dissolved in 5% nitric acid and the oxalate 
precipitation repeated as before. The washed preciiiitatc is dried and ignited 
strongly, first in the air then in hydrogen, cooled, and weighed as scs(|uioxides. 
If the reduction is omitted, a colored residue and high result will be obtained 
caused by higher oxides of praseodymium and terbium. The rare earths 
should be weighed without delay in covered crucibles as they absorb carbon 
dioxide and water like lime. 

2. Estimation of the Cerium and Yttrium Groups. The weighed sesqui- 
oxidcs obtained in the preceding paragraph are converted into sulphates by 
heating with strong sulphuric acid and the mass is heated to 450° C. to expel 
the excess of acid. After fumes cease to be evolved, tbc mass is allowed to 
cool and dissolved in ice-cold water to give a nearly saturated solution. An 
equal bulk of water is added follow'cd by powdered sodium sulphate until the 
solution is saturated with the salt. The precipitated double sulphates of 
sodium and the cerium metals are filtered off next day and washed with a 
saturated solution of sodium sulphate; they arc digested with hot caustic 
soda, the hydroxides filtered off, dissolved in hydrochloric acid and the solution 
evaporated to dryness. The residue is dissolved in the minimum of water, 
an equal bulk of water added and the precipitation with sodium sulphate is 
repeated. The combined filtrates arc treated with ammonia, the precipitate 
is dissolved in nitric acid and the yttria earths precipitated by addition of 
oxalic acid. The precipitate after ignition is weighed as “ oxides of the 
yttrium group.” The double sulphate precipitate is once more converted 
into hydroxides, which arc dissolved in nitric acid and converted into oxalates 
as before. The precipitate is ignited in air, then in hydrogen and weighed as 
‘‘ oxides of the cerium group.” 

The above separation is more or le.ss approximate. The mixture of cerium 
group oxides contains all the lanthana, praseodymia, ncodymia and nearly all 
the Samaria as well as the greater part of the terbia group and a minute quantity 
of the yttria earths; the remainder of the terbium group is not precipitated 
by sodium sulphate and remains with the yttria group. The separate esti¬ 
mation of the terbium group is neither feasible by ordinary analytical methods 
nor of any practical importance. 

3. Estimation of the Individual Earths. The separation of a mixture of 
the rare earths into its individual constituents is not a practical proposition. 
It can be accomplished by fractional crystallisation but the process requires 
largo quantities of material and the fractionations must be repeated many 
hundreds of times. As a general rule the solubility of the salts of the rare 
earths increases with their atomic weight, whereas the basicity of the oxides 
decreases. 
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TECHNICAL METHODS 

1. Estimatioii of Cerium in Minerals. This is effected in the following 
manner by means of the methods described in this chapter; The ore is de¬ 
composed by heating with sulphuric acid and the sulphates arc dissolved in 
ice-cold water. The solution is precipitated with oxalic acid, the oxalate 
precipitate strongly ignited and the oxides again converted into sulphates. 
These arc brought into solution as before and the cerium is estimated volu- 
metrically by the bismuthato method. 

2. Colorimetric Estimation of Ceria in Thoria, Thorium Nitrate, etc. 
(Benz, Z. angew. Chem., 1902, 16, 300.) The oxide is fused with sodium 
bisulphate, the melt leached with cold water and the sulphates converted into 
nitrates by precipitation with ammonia, filtration and solution in nitric acid. 
The liquid is evaporated to dryness, the residue dissolved in water, the solution 
filtered to remove filter fibres and the filtrate heated with a known excess of 
citric acid and hydrogen peroxide. The solution is ncutrali.scd with ammonia 
and an aliquot part transferred to a colorimeter tube. The standard is made 
by mixing cerium nitrate solution (1 cc. = 0.0005 gram of ceria) with the 
same quantities of pure thorium nitrate, citric acid, hydrogen peroxide and 
ammonia as are contained in the test. Equality of tints is produced by 
withdrawal of a suitable amount of liquid from the solution showing the 
deeper colour. 

Cerium in thorium nitrate is detected by heating a solution of 5 grams of 
the salt with ammonia and hydrogen peroxide. A yellow colour developing in 
the precipitate proves the presence of cerium. The quantitative estimation 
is carried out colorimctrically as described above. 

3. Detection and Estimation of Didymium in Cerium Salts. (Dede, Chem. 
Zeit., 1923, 47, 82.) When the light from mercury vapour is made to pass 
through crystals or solutions of didymium salts, the absorption band covers 
the two yellow lines of mercury, and the solution or crystals appear blue. 
The reaction is sensitive; thus crystals of cerium nitrate, in which the didymium 
band can hardly be detected in a 20 mm. layer of 5 per cent, solution, appear 
distinctly blue in mercury vapour light. In dilute solutions the absorption 
of the mercury lines is proportional to the concentration of the didymium, 
which can therefore be estimated colorimetrically without a spectral photom¬ 
eter. 
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tNDIUM 


At. wt. Symbol: In. 

Occurrence. Indium is a rare element found in many deposits of *ino 
l)lende, in some tungsten ores, in most tin ores and, sometimes, in pyrites, 
siderite and galena. It is often found concentrated as an indium-gallium 
alloy of low melting point in tlie residues from zinc retorts. 

Detection. For the detection of indium in an ore, e.g., in zinc blende, 
the mineral Ls dissolved in hydrochloric acid with the addition, if necessary, 
of a little nitric acid, the excess of which is expelled by boiling with hydrochloric 
acid. Digestion of the filtered solution with metallic zinc precipitates all the 
indium together with lead, copper, cadmium, etc. The ])rccipitate is dissolved 
in nitric acid and the solution evaporated with sulphuric acid to fumes. The 
cold residue is extracted with water and the lead sulphate, etc., filtered off. 
The filtrate is treated with an exce.ss of ammonia, boiled and filtered. The 
precipitate is dissolved in the minimum of hydrochloric acid, the solution 
neutralised with ammonia, an excess of sodium bisulphite added and boiling 
continued for some time. A white microcrystalline precipitate indicates 
indium. As a confirmatory test the precipitate is dissolved in a few drops of 
hydrochloric acid and a platinum wire is dipped into the solution and held in 
the Bunsen flame. A bright blue colour showing two characteristic bright blue 
linos (X 4511..55 and X 4101.95) when viewed through the spectroscope confirms 
the presence of indium. 

Indium oxide is a yellow powder soluble in acids and readily reduced on 
charcoal to metallic globules with a yellow incrustation. Indium salts give a 
yellow precipitate with hydrogen sulphide in neutral, alkaline or acetic acid 
solutions and a white gelatinous precipitate with ammonia insoluble in excess 
but soluble in cold caustic alkali and re-precipitated on boiling. 

Quantitative Analysis. For the quantitative determination of indium in 
zinc blende and retort residues as much as 100 grams may have to be taken. 
The procedure follows the same lines as that described above with the usual 
precautions to render the separations quantitative. As the bisulphite precipi¬ 
tate obtained contains a little iron, it is dLssolved in hydrochloric acid and the 
solution treated with sodium acetate and a little a-nitroso-/3-naphthol dissolved 
in 50% acetic acid. The precipitate is filtered off, washed with cold water 
and the indium recovered from the filtrate by boiling with a very slight excess 
of ammonia. The indium hydroxide is collected, washed well with 6% 
ammonium nitrate solution, ignited wet at a temperature below 800“ and the 
residue weighed as InjO,. Factor to indium: 0.8271. 

Chapter by W. R. Schoeller, Ph.D.. and A. R. Powell, metallurgical chemists, 
lyundon, England. 
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SCANDIUM 


At. wt. Symbol: Sc. 

Occurrence. Scandium is very widely distributed in minute quantities in 
almost all rocks but it is found in appreciable quantity only in very few minerals. 
Mica, cassiterite and wolframite from some localities, cuxcnite and keilhauite 
contain a few tenths per cent, of scandia; wiikite contains a little more than 
1% and thortveitite, the only mineral in which scandium is an essential 
constituent, over 30%. 

Detection. For the detection of scandia in a mineral the solution obtained 
as described Inter is treated as usual for the separation of the ammonia group. 
The precipitate is dissolved in hydrochloric acid, the solution neutralised and 
boiled with sodium thiosulphate and the precipitate of basic scandium thio¬ 
sulphate redissoivcd in hydrochloric acid. After filtering off the sulphur, 
scandium (and thorium) oxalates are precipitated by addition of oxalic acid. 
The precipitate is collected, washed and digested with fuming nitric acid. 
The solution is evaporated to dryness, the residue dissolved in a little water, 
the solution poured into a 20% solution of ammonium tartrate and the mixture 
boiled with ammonia; the gradual separation of a crystalline precipitate 
indicates the presence of scandium. 

In the examination of mixtures of the rare earths, which often contain 
scandia, the mixed oxides obtained from the oxalates by ignition (sec Rare 
Earth chapter) arc dissolved in hydrochloric acid and the solution is boiled 
w'vttv sodium siWcoftuotidc; a heavy geintinous precipitate of scandium fluoride 
is obtained, free from all Init traces of rare earths. 

Minute quantities of scandia are readily detected in minerals by examina¬ 
tion of the spark spectrum. The scandium must first be concentrated together 
with any rare earths by precipitation with oxalic acid. The precipitate is 
ignited to oxides and those are dissolved in hydrochloric acid; the filtrate 
from the oxalates should be examined also for scandia. The most intense 
lines of this element lie between 3500 and 3700 A.; they arc 3572.72, 3013.98, 
3030.90, 3042.90. 

Quantitative Analysis. Minerals containing rare earths are decomposed 
by treatment with hydrochloric or sulphuric acids or by fusion with sodium 
pyrosulphate (see Rare Earth chapter). Euxenitc, and similar minerals 
containing titanium, tantalum and columbium, may be decomposed by 
moistening the finely ground sample with a little water, adding 40% hydro¬ 
fluoric acid, and, after the violent action has subsided, evaporating to dryness 
on the water-bath. The residue is extracted with boiling water and the 
insoluble material, which contains all the scandium, is filtered off, using a 
rubber funnel, and dissolved by heating with strong sulphuric acid. Wolfram, 
which sometimes contains scandia, is decomposed by digesting the slimed 
mineral with aqua regia until the residue is a pale yellow colour. 

The solution obtained by any of the above methods is saturated with 
hydrogen sulphide to remove heavy metals and the filtrate is boiled to expel 
excess of the gas and oxidised with nitric acid. The hot solution is treated 
with a slight excMs of ammonia, the precipitate collected, well washed with 
2% ammonium nitrate solution and dissolved in the minimum of 1 : 1 nitric 
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acid, and the solution (50 to 60 cc.) treated hot with 20 cc. of a saturated 
solution of oxalic acid added slowly with vigorous stirring. After standing 
over night the precipitate is filtered off, washed with a dilute solution of oxalic 
acid, rinsed back into the original beaker and digested with fuming nitric acid 
until completely dissolved. The nitrates are converted into chlorides by two 
evaporations with hydrochloric acid to dryness. The residue is dissolved in 
200 cc. of hot water and the solution boiled with 10 grams of sodium thio¬ 
sulphate for one hour. The precipitate is filtered off, washed with hot water 
and digested with hydrochloric acid. The insoluble residue of sulphur is 
removed by filtration and well washed with hot water. The filtrate is evapo¬ 
rated to dryness, the residue dissolved in water and the thiosulphate precipi¬ 
tation repeated using 5 grams of this salt in a bulk of 150 cc. The second 
precipitate is treated as before and the filtered solution neutralised with 
ammonia. One drop of 1 : 1 hydrochloric acid is added and the solution 
(50 cc.) is allowed to drop slowly into 50 cc. of a boiling 20% solution of 
ammonium tartrate. Boiling is continued, with the addition of a few cc. of 
ammonia from time to time, for 40 minutes. After standing until cold, the 
solution is filtered; the precipitate is wfishcd witli cold 5% ammonium tartrate 
solution and ignited wet in a platinum crucible. The residue is weighed 
as scandia. 

In the case of wolfram, the solution obtained by digesting the mineral 
with aqua regia is boiled with 5 grams of sodium silicofluoride for 1 hour. 
The precipitate of scandium fluoride is collected, washed with hot water and 
heated in a platinum dish with strung sulphuric acid until copious fumes are 
evolved. After cooling, the residue is dissolved in water and the scandium 
is precipitated as scandium ammonium tartrate as described above. 
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THALLIUM 

At. wU Symbol; Tl. 

Occunence. Thallium occurs in quantity only in a few rare minerals such 
as crookesite, (Cu, Tl, Ag)sSe, and lorandite, TlAsSj. It occurs in small 
quantities however associated with the alkali metals, zinc, iron and lead, and 
is usually recovered from the flue dust from burning iron pyrites. 

Detection. Thallium forms two series of salts. The reactions of thallous 
salts recall those of lead; thus thallous chloride is a white crystalline sparingly 
soluble compound and thallous iodide is a yellow crystalline compound almost 
insoluble in water. Thallous sulphide is produced as a brown precipitate by 
addition of sodium sulphide to an alkaline or acetic acid solution of a thallous 
salt. Thallous sulphate and hydroxide are both soluble like the corresponding 
potassium salts whilst the chloroplatinate and cobaltinitrite are insoluble 
yellow and red compounds respe<!tively. Thallous chromate like lead chromate 
is insoluble in water and dilute acetic acid. 

Thallic salts are obtained by oxidising thallous salts with chlorine, per¬ 
manganate and similar oxidising agents; they are all readily hydrolysed 
yielding brown basic salts and give a brown gelatinous precipitate with am¬ 
monia, resembling ferric hydroxide. 

In the usual course of (lualitative analysis thallium passes into the zinc- 
nickel group, being precipitated with ammonium sulphide in ammoniacal 
solution. The most satisfactory procedure is to evaporate the solution to be 
tested with sulphuric acid to remove the lead and then saturate the filtrate 
with hydrogen sulphide. After filtration the excess of the precipitant is 
removed by boiling and the solution oxidised with nitric acid. Iron, aluminum, 
the zinc-nickel group and the alkaline earths are removed by boiling with 
sodium carbonate and the filtrate is treated with ammonium sulphide. If a 
brown precipitate is formed, it is dissolved in a little dilute sulphuric acid and 
the solution, after boiling, is treated with )x>tassium iodide. A yellow crystal¬ 
line precipitate proves the presence of thallium. A little of this substance 
held in the loop of a platinum wire in the Bunsen flame gives a characteristic 
green flame which, viewed through the spectroscope, shows a broad green line 
at X 63.50.7. For the isolation of minute iiuantities of thallium from a solution 
free from heavy metals a mixture of jiotussium iodide and antimony trichloride 
is added, when a characteristic orange-red micro-crystalline precipitate of 
3TlI'2SbIi is formed. 

Separation from Other Metals and Gravimetric Determination. Practi¬ 
cally all materials containing thallium yield the metal to treatment with 
hydrochloric or nitric acids or to aqua regia. The solution obtained in all 
cases is evaporated with strong sulphuric acid until copious fumes are evolved; 
after cooling, the residue is dissolved in water and the solution filtered for the 
removal of lead sulphate. If the amount of thallium present in the original 
material is very small, a large amount should lie taken for the analysis; after 
removal of the nitric acid used in dissolving the substance the solution is 
boiled with several strips of zinc until effervescence ceases and basic salts 
begin to be precipitated. A few cc. of hydrochloric acid are added and the 
solution is filtered whilst a feeble evolution of hydrogen is maintained from the 
zinc. The precipitate is washed, digested with hot 20% sulphuric acid and 
the solution containing the thallium filtered. 
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The sulphate solution obtained by either of the above methods is neutralised 
with sodium carbonate, 5 grams of potassium cyanide and a further 2 grams 
of sodium carbonate are added and the mixture warmed on the water-bath. 
The precipitate is filtered off and washed with a 1% solution of sodium car¬ 
bonate. To the filtrate, which contains all the thallium, are added a few cc. 
of colourless ammonium sulphide: the precipitated thallous sulphide is 
collected on a filter, washed with a very dilute solution of nmmonitim sulphide 
and dissolved in the minimum of hot 10% sulphuric acid. After boiling to 
expel hydrogen sulphide, the solution is neutralised with sodium carbonate, 
diluted to 100 cc. and treated at 80“ C. with a 10% solution of potassium iodide 
drop by drop until no further precipitate forms. One gram of the solid salt 
is added in excess and the assay set aside over night. The precipitate is 
collected in a tared Gooch crucible, washed first with the minimum quantity 
of a cold 1% solution of potassium iodide, then with 82% alcohol until the 
washings cease to react for iodide, dried at 110“ C. and weighed as TIL Factor 

to thallium: 0.6165. ... . j- 

Volumetric Method. The sulphide obtained as described above is dis¬ 
solved in 4 cc. of hydrochloric acid and a little water. The solution is boiled 
to expel hydrogen sulphide, cooled, diluted to 60 cc. and titrated with N/10 po¬ 
tassium permanganate standardised against pure thallous chloride. (Hawky, 
Jour. Amer. Chem. Soc., 1907, 29, 300.) _ 

Electrolytic Method. Thallous sulphide is dissolved in nitric acid and the 
filtered solution is evaporated to dryness on the water-bath. The residue is 
dissolved in 100 cc. of water and transferred to a platinum dish with roughened 
surface to act as anode. Ten cc. of absolute alcohol or acetone are added 
and the solution is electrolysed for 6 to 8 hours at 60“ C. with a disc of irido- 
platinum, rotating at 300 revolutions per minute, as cathode. A current of 
0.5 amp. at 2.5-3 volts is used. The thallic oxide deposited on the anode is 
washed with distilled water, dried at 160“, and weighed. Factor to thallium: 

0 - 8947 . ... , * * 

Uses. The chief use of thallium appears to be in the manufacture of 
artificial stones and optical glass of very high refracting power. In the analysis 
of these products the thallium is rendered 8f)luble by fusion with sodium 
carbonate followed by solution of the melt in water and evaporation with 
sulphuric acid. The resulting ma.ss is dissolved in water, the solution filtered 
from insoluble matter and the thallium determined in the filtrate as described 
above. 



CHLORINE 

CI|,a(.U)(. 3«.48; D. (air), 2.401; ni.p. -lOlJS”;* b.p. -33.6° C.; oxidet, 

ci,o, cio„ ci,o,. 


DETECTION 

Free Chlorine. The yellow gae is recognized by its characteristic odor. 
It liberates iodine from iodides; it bleaches litmus, indigo, and many organic 
coloring substances. 

Chlorides. Silver Nitrate Test. In absence of bromides and iodides, 
which also form insoluble silver salts, silver nitrate precipitates from solutions 
containing chlorides white, curdy, silver chloride, AgCl (opalescent with traces), 
soluble in NH4OII (AgUr slowly soluble, Agl difficultly soluble), also soluble 
in concentrated ammonium carbonate (AgHr is very slightly soluble; Agl is insol¬ 
uble). Silver chloride turns dark uixai exposure to light. 

^ee Hydrochloric Acid. Manganese Dioxide, Potassium Permanganate, 
and certain oxidizing agents lilierate free chlorine gas when added to solutions 
containing free hydrochloric acid. The gas passed into potassium iodide lib¬ 
erates free iodine, which produces a blue solution with starch. 

Concentrated Sulphuric Acid added to chlorides and heated liberates HCl 
gaa, which produces a white fume in presence of ammoniuiti hydroxide. 

Detection in Presence of Cyanate, Cyanide, Thiocyanate. An excess 
of silver nitrate is added to the solution, the precipitate filtered off and boiled 
with concentrated nitric acid to oxidize the cyanogen compounds and the white 
precipitate, silver chloride, sulijected to the tests under chlorides to confirm 
the compound. 

Detection in Presence of Bromide and Iodide. About 10 cc. of the 
solution is neutralized in a casserole with acetic acid, adding about 1 to 2 cc. 
in excess, and then diluting to about 6 volumes with water. About half a 
gram of potassium persulphate, KjSjO,, is added and the solution heated. 
Iodine is liberated and may bo detectwi by shaking the solution with carbon 
disulphide, which is colored blue by tliis element. Iodine is expelled by boiling, 
the potassium persulphate being repeatedly added until the solution is colorless. 
Bromine is liberated by adding 2 or 3 cc. of dilute sulphuric acid and additional 
persulphate. A yellowish-red color is produced by this element. Carbon 
disulphide absorbs bromine, becoming colored yellowish red. Bromine is expelled 
with additional persulphate and by boiling. The volume of the solution should 
be kept to about 60 cc., distilleil water being added to replace tlmt which is 
exiled by boiling. When bromine is driven out of the solution, the silver 
nitrate test for chlorides is made. A white, curdy precipitate, soluble in 
ammonium hydroxide and reprecipitated upon acidifying with nitric acid, is 
produced, if chlorides are present. 

Chapter contributed by Wilfred W. Scott. 
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If Chlorates are Present. The halogens are precipitated with silver nitrate, 
the precipitate dissolved with zinc and sulphuric acid and the solution treated 
as direct^ in the preceding paragraph. 

Test for Hypochlorite. Potassium hypochlorite, KCIO, shaken with mer¬ 
cury forms the yellowish-red compound HgjOClj,* which does not form with the 
other potassium salts of chlorine, i.e., KCl, KClOj, KClOa, KCIO,. 

Hypochlorites decolorize indigo, but do not decolorize potassium perman¬ 
ganate solutions. If arsenious acid is present, indigo is not decolorized until 
all of the arsenious acid has been oxidized to the arsenic form. 

Tests for Chlorite. Potassium permanganate solution is decolorized by 
chlorites. (The sfdution should be dilute.) 

A solution of indigo is decolorized, even in presence of arsenious acid (dis¬ 
tinction from hypochlorites). 

Detection of Chlorate. The dry salt heated witli concentrated sulphuric 
acid detonates and evolves yellow fumes. 

Chlorates liberate chlorine from hydrochloric acid. 

Perchlorate. The solution is boiled with hydrochloric acid to decompose 
hypochlorites, chlorites and chlorates. Chlorides arc removed by ])recipitation 
with silver nitrate, the filtrate evaporated to diyness, the residue fused with 
sodium carbf>nate to decompose the perchlorate to form the chloride, which liiay 
now bo tested as usual. 


ESTIMATION 

The determination of chlorine is required in a large number of substances. 
It occurs combined as a chloride mainly with sodium, ixitassium and mag¬ 
nesium. Rock salt, NaCl, sylvinc, KCl, carnallite, KCl-Mgfd.-till.O, matlockitc, 
PbCb-PbO; horn silver, AgCl, atacamite, CuClj-3Cu(OH)2, are fonns in which it 
is found in nature. Chlorine is determined in the evaluation of bleaching powder. 
It is estimated in the antdysis of water. 

Preparation and Solution of the Sample 

In dissolving the sample the following facts should be borne in mind; 
Although chlorides are nearly all soluble in water, silver chloride is practically 
insoluble (100 cc. dissolves 0.000152 gram at 20° C.); mercurous chloride is 
nearly as insoluble as silver chloride (0.00031 gram); lead chloride requires heat 
to bring it into solution ^in cold water only 0.673 gram soluble per 100 cc. of 
water). Chlorides of antimony, tin, and bismuth require free acid to keep 
them in solution. Hydrochloric acid increases the solubility of silver, mercury, 
lead, antimony, bismuth, copper (Cu'), gold and platinum, but decreases the 
solubility of cadmium, copper (Cu"), nickel, cobalt, manganese, barium, cal¬ 
cium, strontium, magnesium, thorium, sodium, potassium and ammonium chlorides. 

Chlorine gas is most readily dissolved in water at 10° C. (1 vol. lIjO dissolves 
3.095 vols. Cl). Boiling completely removes chlorine from water. 

Hypochlorites, chlorites, chlorates, and perchlorates are soluble in water. 

The chlorine may be present either combined or free. In the combined 
state it may be present as free hydrochloric acid or as a water-soluble or insol¬ 
uble salt. 

14 ^Prescott and Johnson, Qual. Chem. Anal. D. Van Nostrand Co. 
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W«ter-ioluble Chlorides. Chlorides of the alkali or alkaline earth groups 
may be treated directly with silver nitrate upon making slightly acid with 
nitric acid, the chlorine being detennined either gravimetrically or volumetrically 
according to one of the procedures given later. It is convenient to work with 
samples containing 0.01 gram to 1 gram of Cl. The sample is dissolved in about 
160 cc. of water, made acid with nitric acid with about 6 to 10 cc. in excess of 
the point of neutralisation, should the sample be alkaline. Then the chlorine 
combined as chloride is determined as directed later. 

If the water solution contains a chloride of a heavy metal which forms 
basic salts (e.g., stannic, ferric, etc., solutions), or which may tend to reduce 
the silver solution, it is necessary to remove these by precipitation with ammo¬ 
nium hydroxide, or by sodium hydroxide, or potassium carbonate solution. 
The salt is dissolved in water and acidified with HNO,, adding about 10 cc in 
excess, for about 150 cc. of solution. (This excess HNO, should be sufficient 
to oxidize substances which would tend to reduce the silver reagent; e.g., FeSO,, 
etc.) Anmionia solution (fn« fn)m chloride) is added in sufficient quantity 
to precipitate the heavy metals iron, manganese, aluminum, etc. The mixture is 
filtered and the residue washed several times with distilled water. Chlorine 
IS determined in the filtrate by acidifying with HNO, as directed above. 

u^*^*^'*”*°*'*'’** Chlorides. The chloride may frequently be decomposed 
by Imilmg with sodium carkmate solution. Many of the minerals, however, 
require fusion with sodium carbonate to prepare them for solution; e.g., apatite! 
sodalite, etc. Silver chloride may also be decomposed by fusion. 

XT Chloride. The sample is mixed with about three times its weight of 

^CO, and fused in a porcelain crucible until the mass has sintered together. 
The soluble chloride, NaCl, is leached out with water, leaving the water-in- 

"'“y off. The filtrate is acidified 

with HNU, and chlorine determined as usual. 

Chlorine In Rocks. The finely ground material is fused with about five times 
Its weight of jmtassuim carbonate. The melt is extracted with hot water, cooled 
and the solution acidified with nitric acid (methyl orange indicator), and the 
solution allowed to stand several hours (preferably over night). If silicic acid ' 
p^ipitat^ the solution is treated with ammonia and boiled, filtered and the 
filter washed with hot water The cooled filtrate Is acidified with nitri* acid and 
chlorine determined as usual. If silicic acid docs not separate, the addition of 
ammonia may be omitted and chlorine dotemiined in the solution. 

Free Chlo^o. Free chlorine may be determined volumetrically according 
to the proc^ure (pvjn under this section. If it is desired to determine this 
^vimetncally, a definite amount of the chlorine water is transferred by means 
of a pipette to a AmIc conteming ammonia solution and the mixture heated 
to twilmg. The cooled solution is acidified with nitric acid and the chloride 
preoipitat^ with silver nitrate according to the standard procedure given 
on page 161. ® 

CUorlne In Ores and Cinders. One hundred grama of the finely ground 
ore or cmder are placed in a 600-cc. flask, containing 300 cc. of strong sulphuric 
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acid (Cl-free). The flask is shaken to mix the sample with the acid and then 
connected with an absorption apparatus, containing distilled water or dilute 
caustic solution. The sample is gradually heated, the distillation flask resting 
upon a sand bath. After two hours, which is sufficient to expel all the chlorine 
as hydrochloric acid, the contents of the absorption tubes are filtered, if free 
sulphur is present (sulphide ores), nitric acid added and the filtrate brought 
to boiling to oxidize any SOj that may be present. Chlorine is precipitated 
according to the standard procedure on page 148. 

During the run the distilling flask should be shaken occasionally to prevent 
caking. Suction applied at the absorption end of the apparatus and a current 
of air swept through the system aids in carrj'ing over the IICI into the water 
or NaOH. 

Determination of Halogens in Organic Compounds. Method of 

Carius * 

Organic compounds may l)e dccomjwscd by heating with strong nitric acid 
at high temperatures under pressure. If this heating is conducted in the presence 
of silver nitrate, the halogen hydride, formed by the action of nitric acid on the 
organic compound, is converted to the silver halide. This is weighed, or the 
excess AgNOa titrated (p. 149). Arsenic, phosphorus, and sulphur are oxidized 
to arsenic, phosphoric, and sulphuric acids, the metals pres(*nt being converted 
to nitrates. 

Procedure. Alx)ut O.r) to 1 gram of powdered silver nitrate is introduced, 
by means of a glazed paper funnel, into a heavj’-walled, bomb-glass tul)c, which 
is sealed at one end and is 50 cm. long, 2 cm. in diameter and about 2 mm. thick¬ 
ness of wall. About .30 ec. of stnmg nitric, .acid (915%), free from chlorine, are 
introduced by means of a long-stemmed funnel, to avoid wetting the upper portion 
of the tubing. About 0.1 gram of the organic .substance, contained in a small bore, 
thin wall, glass tulre clo.se<i at one end (4-5 cm. long), is introduced into the bomb 
tube, inclined to one side. The small tul)c should float in the nitric acid, as it is 
importiint that the material should not come in contact with nitric acid until the 
bomb has l)een s<“aled, as loss of halogen is apt to occur with o|xm tubes. 3he 
upper end of the bomb is softened in the blast-lamp flame, drawn out b) a thick- 
walled capillary tube and fused. 

When cold, the bomb is wrapixd in asbestos pajx'r, shoved into an iron tube 
of a bomb furnace and the heat turned on. I'he heating is so regulat4:d that the 
temperature is raised to 200 ° C. iu three hours. If a higher temperature is neces¬ 
sary, the heating should be such as to cause a rise of .50° C. in three hours. Sub¬ 
stances of the aromatic series require eight to ten hours heating at 250 to 300° C., 
while aliphatic substances may be decomposed at 200° C. in about four hours.* 
Occasionally it is necessary to relieve the pressure in a tulx! after heating to 200° C., 
before taking to a higher temperature, by softening the tip of the cooletl bomb in 
a flame, allowing the accumulated gas to blow out, resealing and again heating 
to the desired temperature. Evidence of crystals or dro^ of oil in the glass tube 
indicate incomplete decomposition. When the bomb is cooled, it is removed by 

•Ann. d. Chem. u. Pharm. (1865), 186, p. 129. , ^ j n o 

• Treadwell and Hall, Anal, Chem., J. Wiley & Son. P. C. R. Kmg^tt ^d R. 8. G. 
Knight, Methods of Quant. Org. Anal. Longmans, Green & Co. (1914), Clowes and 
Colemao, Quant. Chem. Azial., P. Blakiston’s Son & Co., 1900. 
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taking out the iron sheath from the furnace and inclining it so that the glass capil¬ 
lary tip slides partly out of the tube. (The eyes should be protected by goggles.) 
The point of the capillary is held in the flame until the tip softens and the gas 
pressure is released by blowing through a passage in the softened glass. When the 
gas has escaped, a scratch with a file is made below the capillary and the tip 
broken off by touching the scratch with a hot glass rod. The contents of the bomb 
are poured out into a Iwaknr, the tulw washed out with water and the combined 
solution mad(! to about 300 cc. This is heated to boiling and then allowed to cool. 
The halide precipitate is filtered through a Gooch crucible, then dried and weighed, 
or by titrating the excess AgNOj by Volhard’s method, the halide may be esti¬ 
mated. 

If pieces of glass should be present, the precipitates, AgCI or AgBr, are 
dissolved, in ammonium hydroxide, filtered and reprecipitated by acidifying 
with nitric acid. Agl may Is; dissolved by means of dilute sulphuric acid and 
ainc. Tlie excess zinc is rennoved, the glass washed free of iodine, dried and 
weighed and its weight subtracted from the original impure Agl, giving the weight 
of the pure silver iodide. 

Lime Method for Determination of Halogens in Organic Matter 

A layer of lime (free from chloride), alx>ut 6 cm. long, is introduced into 
a difficultly fusible glass tulx!, closed at one end (3.5 cm. long and with 1 cm. 
bore), followed by 0.5 gram of the sulmtanco, and 0 cm. more of the lime. The sub¬ 
stance is thoroughly mixed by means of a copper wire with a spiral end. The 
tube is nearly filled with lime, and in a horizontal [losition, gently tapped to cause 
the linio to settle and form a channel above the layer. The tube is placed in a 
small carbon combustion furnace. The heat is turned on, so that the front end 
of the tube is heated to dull redness and then the end containing the substance. 
When the organic matter has Iwen decomisised, the tul)e is cooled and the contents 
transferred to a beaker and the lime dis.solved in dilute nitric acid (Cl-free). The 
carbon is filtered off and the halogen determined as usual in the filtrate. 

Should a sulphate be pre.s<mt in the mixture, organic matter will reduce it to a 
sulphide, so that AgS will be precipitated along with the halides. To prevent 
this, hydrogen peroxide is added to the solution which should be slightly alkaline. 
The mixture is lK)ile<l to remove the excess of H,()i and is then acidified with 
nitric acid, the solution filtered and the halide determined in the filtrate. 

With substances rich in nitrogen, some soluble cyanide is apt to form. The 
silver precipitate containing the halides an<l the cyanide is heated to fusion. The 
residue is now treated with zinc and suliihuric acid, the metallic silver and the 
paraoyanogen filtered off and the halides determined in the filtrate. 
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Sodium Peroxide Method 

Organic compounds may be decomposed by sodium peroxide in an open 
crucible without recourse to a sealed tube, as is required by the Carius method. 
The following is the procedure outlined by Pringsheim.* 

About 0.2 gram of substance in a small steel crucible is treated with a cal¬ 
culated quantity of sodium peroxide.* The crucible should be only two-thirds 
of its height full; this is put in a large porcelain crucible, in which a little cold 
water is carefully placed, so that the steel crucible stands out 1 to 2 cm. This 
latter crucible is covered with its own cover, in which is a hole through which 
an iron wire heated to redness can be introduced with the object of starting 
the combustion. As soon as the combustion is coin])letcd the whole is plunged 
into the water in the larger crucible. Tlie porcelain cruiuble is covered with a 
watch-glass and heated gently until the wliole nui.ss is dksolveil. This point is 
recognized when no more bubbles are given off and when there are no more 
particles of carbon which have escaped cotubustion. The steel crucible is then 
removed and washed carefully; the solution is filtered and treated with an 
excess of sulphurous acid (to neutralize the alkaline li<iuid, and to reduce the 
oxidized products: bromic, iodic acids, etc.). The .solution is acidulated with 
nitric acid, then made to a volume of about .'iOO cc., and the halogens precip¬ 
itated with silver nitrate and the precipitate washed, dried and weighed as 
usual. 

Chlorine and Chlorides in Gas. The g.os is bubbled through dilute sodium 
hydroxide contained in one or more cylinders, gas wash bottle type, measuring 
the gas by means of a dry meter, placed after the cylinders. The meters are 
protected from moist gas by passing this through sulphuric acid and an asbestos 
filter, loosely packed. Alicpiot portions of the sodium hydroxide are now 
examined for chlorine by acidifying with nitric acid and adding silver nitrate. 
If only traces are present the turbidity of the solution is compared with stand¬ 
ards made up with known amounts of sodium chloride di.ss(jlved in water. 
The comparisons may be made conveniently in Nessler tubes. To different 
quantities of the standard made up to a convenient volume, silver nitrate 
reagent is added and the solution diluted to .50 or 100 cc. The unknown, 
placed in a Nessler tube, is treated with nitric acid and silver nitrate and 
matched with the standards, after dilution to the same volume adopted for 
the standards. 


‘ C. N., 190.5, 91, 2:572, 215. 

’ Charge of sodium peroxide is judged as follows: 


Per rrnt C and 0 In material. 

Amount of nugar to add. 

Amount of NaiOi required. 

Over 75 

0 

18 times wt. of sub. 

30 to 75 

0 

16 times wt. of sub. 

25 to 60 

I the wt. of sub. 

16 times wt. of sub. 

Below 25 

An equal weight 

16 times wt. of sub. 
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SEPARATIONS ‘ 

Separation of Chlorine and the Halides from the Heavy Metals. Halides 
of the heavy metals are transposed by boiling their solutions with sodium car¬ 
bonate, the heavy metals being precipitated as carbonates and the halides going 
into solution as sixlium salts. 

Separation of Halides from Silver and from Silver Cyanide. The silver 
salt is treated with an excess of zinc and sulphuric acid, the metallic silver 
and the paraoyanogen filtered off, and the halides determined in the filtrate. 

Separation of the Halides from One Another. Separation of Chlorine 
from Iodine. The method depends upon the fact that nitrous acid sots iodine 
free from dilute solutions containing a mixture of halogen salts, bromides and 
chlorides being unaffected. 

The solution of the chloride and the iodide in an Erlcnmeyer flask is diluted 
to 400 cc. and 10 cc. of dilute sulphuric acid, 1 : 1, are added. The gas from 2 
grams of sodium nitrite is piksscd into the solution at the rate of about five bub¬ 
bles per second. > (Pure sodium or pnta.s.sium nitrite may be added directly to the 
solution in the flask.) The liberated iodine is now completely expelled by boiling 
until the evolving steam no longer reacts upon litmus pajier. Should a deter¬ 
mination of iodine l)c desired the cvoIvcjI gas is absorbed in a hydrogen peroxide 
sodium hydroxide solution according to the procedure described under iodine. 

The contents of the flask are treated with silver nitrate and the precipitated 
silver chloride determined as usual. 

Separation of Chlorine and Bromine from Iodine. The procedure is 
similar to the separation of chlorine from iodine with the exception that a more 
dilute solution is necessary to prevent the volatilization of bromine with the 
iodine. 

The neutral solution containing the halogens Ls diluted to about 700 cc. and 
about 2 to 3 cc. of dilute sulphuric acid, 1 :1, arc added and a sufficient amount 
of pure sodium nitrite introduced or nitrous acid gius passed into the solution 
as directed above. The solution is boiled until colorless and until the evolved 
steam no longer acts upon litmus paiwr. About twenty minutes’ boiling after 
the color of iodine has disappeanid from the fla.sk will completely eliminate 
iodine; in this case, however, water should be added to the flask to replace that 
evaporated before the solution has been reduced to a volume of leas than 6(X) cc. 

For determination of bromine in the residue remaining in the flask, see the 
chapter on this subject, page 93 and page 154. 

‘ Attention is called to “Methods in Chemical Analysis,” by F. A. Gooch for useful 
information on the separation of the halogens. 

* Nitrous acid is generated by addition of dilute HiSO* to NaNOi, the acid being 
added drop by drop through a thistio tube with glass stop-cock. 
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GRAVIMETRIC 
Silver Chloride Method 

The procedure is based on the insolubility of silver chloride in dilute nitric 
acid solution, the following reaction taking place, M representing a monatomic 
clement: 

M.CH-AgNO,= M.NO,+AgCl 

From the equation it is evident that 35.45 grams of chlorine require 169.9 
grams of silver nitrate. In practice it is best to add about 20% excess of 
the silver salt. 

Equivalents: 1 gram Cl, 4.79 grams AgNOj, 3.043 gram.s Ag. 

Reagents. Silver Nitrate Solution. Make up a solution containing 4.8 
grams AgNOj i)er 100 cc. of distilled water, or dissolve 3.05 grama of silver 
foil in 10 cc. of dilute nitric acid (1 : 1.6) and make up to 100 cc. 1 cc. of this 
reagent will precipitate 0.01 gram of chlorine, or 0.0404+ gram AgCl. 

Dilute Nitric Acid. One vol. HNOa to 1.6 vols. HjO (dist.). 

Procedure. Soluble Chlorides. Preparation of the Solution. 

1. Weigh 0.4 to 0.5 gram of the salt on a watch gla.ss or in a weighing 
bottle and transfer to a beaker or an Erlcnmeyer 6nsk. 

2. Dissolve in 100 cc. of water and atld 2 cc. of dilute nitric acid. 

3. Precipitation. Calculate roughly the cc. of the silver nitrate reagent 
that arc required to precipitate the clilorine in the .sample. If it is an unknown, 
consider the chlorine in the material to be about 50%. Run the determination 
in duplicate. The first will be a guide to the amount of silver nitrate solution 
required. 

4. Add the silver nitrate from a burette, drop by drop, to approximately 
the quantity calculated to be necessary, stirring the solution during the addi¬ 
tion. Allow the precipitate to settle ind add a few more drops of the reagent, 
and continue the addition as long as a precipitate forms with the reagent. 
Now add about 20% in cxce.ss. 

6. Heat to boiling, covering the beaker with a watch glass. 

6. If the solution is still cloudy, stir vigorously. If the solution is in an 
Erlenmeyer flask, the mixture may be shaken. This will cause the finely 
divided silver salt to coagulate so that the solution will settle out clear. Avoid 
exposing the precipitate to strong light, as this will cause the exposed surface 
to decompose into the subchloride AgjCl and liberate chlorine. 

7. Filtration. Two processes arc commonly practiced. 

Filter Paper Method. Decant the clear solution into a filter. Test the 
filtrate to be sure all chlorine has been precipitated by adding a drop or so of 
silver nitrate solution. Wash the precipitate in the beaker twice by decanta¬ 
tion and then transfer to the filter and wash until free of chlorides. The 
wash water should contain 1 cc. of nitric acid per 100 cc. of distilled water.^ 

8. Dry the filter with its contents at 105° C. either in the funnel in which 
the operation was conducted or on a watch glass. It is advisable to protect 
the sample from dust by placing a large filter over the material. 

9. Remove as much of the precipitate as possible from the filter, placing 

the silver chloride on a 4-inch square of glazed paper. ... . • 

10. Ignite the filter allowing the ash to drop into a weighed porcelain 
crucible. Add a drop of nitric acid and a drop of hydrochloric acid to react 
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with any reduced silver. Place the silver salt (on the glared 
crucible and gently ignite until the chloride begins to melt. If the 
appears dark, moisten with HCl and again apply heat to expel the free acid. 

11. Cool in a desiccator. , , ... . 

12. Weigh as silver chloride, (wt. crucible + AgCl) - wt. crucible = wt. 
AgCI. The compound contains 24.74% of chlorine. 

AgClX0.2474=Cl. 


13. Calculate the per cent chlorine from the weight of sample taken. 

Gooch Crucible Method. fS*. Prepare a Gooch crucible filter with a 
moderately thick asbestos mat and wash thoroughly with distilled water 
containing 1 ce. nitric acid per 100 cc. of water. 

O". Dry the crucible with mat in an oven at 100° C., then heat gently 
over a free blue flame. Cool in desiccator and weigh. 

10°. Wash the silver chloride, first by decantation, then transfer to the 
Gooch crucible, which has been placed in position on a suction flask. (Consult 
directions for the preparation of a Gooch and the method of filtration under 
“ Laboratory Apparatus and Manipulation ” in the introductory chapter.) 
Gentle suction is applied and the precipitate is washed free of chloride by 
repeated additions of the wash water containing the nitric acid. 

11°. Place the crucible in an oven for 15 minutes or more and dry at 105° C. 
Now place over a free blue flame and heat until the silver begins to melt. 
Cool in a desiccator. 

12°. Weigh. The weight in excess of that due to the crucible is due to 
silver chloride. 

13°. Calculate percent chlorine as stated under the “ filter paper method,” 
12 and 13. 

Noth. The silver chloride may Is; removed from the cnicibic by adding a piece 
of sine and dilute sulphuric acid to the residue. AgCI is soluble in ammonia. 
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VOLUMETRIC METHODS 

Determination of Chlorine in Acid Solution, Silver Thiocyanate 
Ferric Alum Method 

The method, devised by Volhard,' is applicable to titration of chlorine in 
acid solutions, a condition frequently occurring in analysis, where the Silver- 
Chromate Method of Mohr cannot bo used. 'The method is based on the fact 
that when solutions of silver and an alkali thiocyanate are mixed in presence 
of a ferric salt, the thiocyanate has a selective action towards silver, combining 
with this to form thiocyanate of silver, any excess of that required by the silver 
reacting with the ferric salt to form the reddish-brown ferric thiocyanate, which 
color serves as an indication of the completion of the reaction. An excess of 
silver nitrate is added to the nitric acid solution containing the chloride, AgCl 
filtered off, and the excess of silver titrated with the thiocyanate in presence of 
the ferric salt. 

Copjier (up to 70%), arsenic, antimony, cadmium, bismuth, lead, iron, zinc, 
manganese, cobalt, and nickel, do not interfere, unless the proportion of the latter 
metals is such as to interfere by intensity of the color of their ions. 

Preparation of Special Reagents. NjlO Ammonium or Potaasium Thio¬ 
cyanate Solution. About S grams of ammonium or 10 grams of potassium salt 
are dissolved in water and diluted to one liter. The solution is adjusted by 
titration against the N/10 silver nitrate solution. It is advisable to have 1 cc. 
of the thiocyanate equivalent to 1 C(;. of the silver nitrate solution. Owing to 
the deliquescence of the thiocyanates the exact anumnt for an N/10 solution 
cannot be weighed. 

N/10 Silver Nitrate. This solution contains 10.7S8 grams Ag or 16.989 grams 
AgNO, per liter. The silver nitrate salt, dried at 120° or imre metallic silver 
may be taken, the nsiuired weight of the latter being »lissolvcd in nitric acid 
and made to volume, or 17.1 grains of the salt dissolved in distilled water and 
made to 1000 cc. The solution is mljusted to exact decinormal strergth by 
standardizing against an N/10 sodium chloride solution, containing 6.846 grams 
» of pure Nat'1 i)er liter. 

Ferric Indicator. .Saturated solution of ferric ammonium alum. .Should 
this not be available, FeSOi may be oxidized with nitric acid, and the solution 
evaporated with an exce.ss of HjSOi to expel the nitrous fumes. A 10% solution 
is desired. Five cc. of either of these reagents are taken for each titratiom ^ 

Pure Nitric Acid. This should be free from the lower oxides of nitrogen. 
Pure nitric acid is diluted to contain about .'lO'/o IINO>, and boiled until per¬ 
fectly colorless. The reagent should be kept in the dark. Dilute nitric acid 
does not interfere with the method. • 

Procedure. To the solution, containing 0.003 to 0..35 gram chlorine, m 
combination as a chloride, is added sufficient of the pure HNOs to make the solu¬ 
tion acid and about 5 cc. in excess. To the solution, diluted to about 1.50 cc., 
is added an excess of standard silver nitrate reagent. The precipitated AgCi 

> Liebig's Ann. d. Chem., 190, 1; Sutton, “ Volumetric Analysis,” 10 Ed. Z. Anorg. 
Chem., 6S, 330, 1909. 
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is filtered off and washed free of silver nitrate. The filtrate and washings are 
combined and titrated with standard thiocyanate.* 

The filtrate from the precipitated chloride is treated with 5 cc. of the ferric 
solution,' and the excess silver determined by addition of the thiocyanate 
until a permanent reddish-brown color is pr^uced. Each addition of the 
reagent will produce a temporary reddish-brown color, which immediately fades 
as long as silver uncombined as thiocyanate remains. The trace of excess 
produces ferric thiocyanate, the reddish-brown color of this compound being best 
seen against a white background. From this titration the amount of silver 
nitrate used by the chloride is ascertained. 

One cc. N/10 AgNO, «=0.00;i5S gram Cl or 0.00586 gram NaCl. 

Volumetric Determination of Chlorine in a Neutral Solution, 
Silver Chromate Method 

The method, worked out by Fr. Mohr, is applicable for determination of 
chlorine in water or in neutral solutions containing small amounts of chlorine; 
th^ element should be present combined as a soluble chloride. Advantage is 
taken of the fact that silver combines with chlorine in presence of a chromate, 
AgiCrOt being decomposed as follows; Ag,(W)4-t-2NaCl = 2 AgCl-l-Na,Cr 04 . 
When all the chlorine has gone into combination as AgC’l, an excess of K»Cr 04 
immediately forms the red Ag,Cr 04 , which shows the reaction of AgNO, with 
the chi aide to be complete. 

Reagents. Tenth Sormal Silver Nitrate Solution. Theoretically 16.989 
grams AgNO, per liter are required. In practice 17.1 grams of the salt are dis¬ 
solved per 1000 cc. and the solution adjusted against an N/lO NaCl solution 
containing 5.846 grams NaC 'l per liter. 

Potaeilum Chromate. Saturated solution. 

Procedure. To the neutral solution arc added 2 or 3 drops of the potassium 
chromate solution. A glass cell • (or a 50-cc. beaker) is filled to about 1 cm. 
in depth with water tirtte<i to the same color as the solution being titrated. 
The cell is placed on a clear glass plate half covering the casserole containing the 
sample. The standard silver solution is now added to the chloride solution 
from a burette until a faint blood-red tinge is produced, the red change being 
easily detected by looking through the blank, colored cell. 

One cc. N/10 K,Cr 04 =*0.00.1546 gmm Cl. 

Notes. Chlorides having on acid reaction (Aid,) are treated with an excess of 
neutral solution of sodium acetate and then titrated with silver nitrate. 

Elements whose ions foitn colored solution with chlorine are precipitated from 
the solution by sodiiun hydroxide or potassium carbonate, and the nitrate, faintly 
acidified with acetic acid, is titrated as usual. 

' 'Time is saved by filtering, through a dry filter paper, only a portion of the mixture 
made to a definite volume, and titrating an aliquot portion. The first 10-15 oc. of the 
filtrate are rejected. 

'Upon addition of the ferric solution no color should develop. If a reddish 
or yellowish color results, more nitric acid is required to destroy this. The amount 
of nitric acid does not affect results when within reasonable limits. 

• Deprd, Analyst, 6, 123; also, Systematic Handbook of “ Volumetric Analysis ” F 
A. Sutton. 
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hj^rocMoric Mid is neutralized with ammonium hydroxide and titrated. 

It 18 ad^bie to titrate the sample under the same conditions as those observed 
during stendardization. The solution should be kept to small bulk and low tem¬ 
perature for accuracy on account of the solubility of the silver chtemate. 

Free chlonne should be converted to a chloride before titration. This mav be 
acTOmphshod, as stated under preparation of the sample, by boding with ammonium 
hydroxide. chlorine may be determined by sweeping the gas, by means of a 
^ ®™*Jtion containing potassium iodide,^e liberated iodine titrated 
by N/10 thiosulphate, NajSjOi, and the equivalent chlorine estimated. 


Volumetric Determination of Free Chlorine 

The determination depends upon the reaction Cl-bKI -KCl-fl. The iodine 
liberated by the chlorine is titrated with NasS,Oi and the equivalent Cl cal¬ 
culated. 

Procedure. A measured amount of the chlorine water is added to a 
solution of potassium iodide in a glass-stoppered bottle by means of a pipette, 
the delivery tip of which is just above the surface of the iiMlide solution. The 
bottle is then closed and the contents vigorously shaken. The liberated iodine is 
titrated with tenth-normal sodium thiosulphate (2Na,S,Oa-|-I, =2NaI-l-NaiS«0,). 
When the yellow color of the iodine has become faint, a little starch solution 
is added and the titration completed to the fading out of the blue color. 

One cc. ^710 NajSaO, =0.003.546 gram Cl. 

Determination of Hypochlorous Acid in the Presence of Chlorine 

The determination depends upon the reactions: 


2KH-HOCl=KCl+KOIH-L and 2KI+Cli =2KCl-t-I,. 


The alkali liberated by hypochlonnis acid and the total iodine are determined 
and the calculations made for each of the constituents. 

Procedure. A measured volume of N/10 H(T is added to a potassium iodide 
solution. To this the sample containing the hypochlorous acid and chlorine 
are added. The liberated iodine is titrated with N/10 NajSjOi. (The addition 
of starch is omitted.) The colorless solution is treated with methyl orange 
indicator and the excess of hj'drochloric acid is titrated with N/10 NaOH. 
The potassium hydroxide, produced by the action of the hypochlorous acid 
upon the iodide, requires half as much acid for neutralization as the volume* 
of thiosulphate required by the iodine set free by the hypochlc^us acid. 

Calculation. The cc. back titration with'NaOH are sumracted from the 
total cc. of HCl taken-cc. HCl required by NaOH liberated by HOCl-A. 
Then 2A cc. =cc. NajSjOj required by the I liberated by HOCl. Cc. AXO.005247 
=gram HOCl. The total NaiSjOi titration minus 2A cc. (due to the iodine 
liberated by HOCl) =cc. NajSiOi that are required by the iodine liberated by 
chlorine. The cc. thus required multiplied by 0.00.3546 -grams chlorine in the 
sample taken. 


' Six parts AgCrO«, dissolve in 100,000 parts HjO at 15.5° 
18, 125. 


-W. ti. Young, Analyst, 
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Qravimetric Determination of Chloric Acid, HCIO3, or Chlorates, 
by Reduction to Chloride and Precipitation as Silver Chloride 

Reduction of the Chlorate. Among the methods of reduction of chlorates 
the following deserve special mention: 1. Reduction nrilh Sulphurous Acid.' 
2. Ferrous sulphate. .3. Zinc. 

1. About 0.2 to 0..5 gram of the salt is dissolved in 100 cc. of distilled water 
and either SO, gas passisd into the solution or sulphurous acid in solution added 
in excess. The solution is now boiled to expel SO, and the chloride precipitated 
as AgCl in presence of free nitric acid. 

2. The sample in 100 cc. of distilled water is treated with 50 cc. of crys¬ 
tallized ferrous sulphate (10% solution), heated to boiling, with constant stirring, 
and then boilerl for fifteen minutes. Nitric acid is added to the cooled solution, 
until the deposited basic ferric salt is dissolved. The chloride is now precip¬ 
itated as AgCl, ns usual. 

3. The dilute chlorate solution is treated with acetic acid until it reacts 
distinctly acid. An excess of powdered zinc is now added and the solution 
boiled for an hour. Nitric acid is added to the cooled solution in sufficient 
quantity to dissolve the zinc remaining. The solution is filtered, if necessary, 
and the chloride precipitated ns usual. 

Factors. Ag(;iX0.855 =K(^1(),, or X0.2474 =C1. 

Notk. In absence of cyanides, carbonates and acids decomposed and vola¬ 
tilized by hydrochloric acid, or oxides, hydroxides and substances other than chlorates 
that may be decomposed or acted upon by this acid, evaporation of the salt with HCl 
and ignition of the residue, or addition of an excess of ammouiiim chloride,* and sub¬ 
sequent heating will give a rosiduo of chloride, which may bo determined as usual 
and the equivalent chlorate calculated. Method by L. lllangcy. 

The methods may be used in determining chlorates in presence of perchlorates, 
only the former being reduced to chlorides. Outline of the procedure is given later.' 


Gravimetric Determination of Perchloric Acid by Reduction to 

Chloride 

A perchlorate ignited with about four times its weight of ammonium chloride 
in a platinum dish may be deqpmposcd to chloride. A secjmd treatment is 
usually necessary to change the salt completely. Platinum appears to act as a 
vatalyser, so must be added in solution if a porcelain crucible is used. 

Procedure. About 0.2 to 0.5 gram of potassium perchlorate is intimately 
mixed with aboi^2 grams of ammonium chloride in a platinum crucible, the 
latter then covered with a watch-glass and the charge ignited gently for one 
and a half to two hours, the temperature being below the fusing-point of the 
residual chloride (otherwise the platinum would be attacked). A second addi¬ 
tion of ammonium chloride is made and the mix again heated as before. The 
resulting chloride may now be determined as usual. 

Factors. AgClXO.9667-KCIO,, X0.2474-C1. 

' Blattner and Brassuor, Chem. Zeit. Rep., 1900, 24, 79.3. 

* Perchlorates are decomposed by ignition with NHiCl in presence tf platinum. 
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Determination of Chlorates and Perchlorates in Presence of One 

Another 

( 1 ) A portion of the sample is treated with about twelve times its weight of 
ammonium chloride in a platinum dish (or in a porcelain dish with the addition 
of 1 cc. of hydroplatinic acid), and the mixture heated according to the procedure 
given for perchloric acid (pa^ 152). The resulting chloride is determined as 
usual. This is the total chlorine in the sample. 

(2) In a second portion the chlorate is reduced by means of SOi or FeSOi, 
according to directions given for dctenuination of chloric acid, and chlorine 
determined. The chlorine of this portion is subtracted from the total chlorine, 
the difference multiplied by 3.9075 =KC 104 . The chlorine of the second portion 
multiplied by 3.4563 =KC10j, or AgCl in (2) subtracted from AgCl of (1) 
and the difference multiplied by 0.9667 = KCIO 4 . AgCl of (2) multiplied by 0.855 — 
-KCIO,. 


Determination of Hydrochloric, Chloric, and Perchloric Acids 
in the Presence of One Another 


(1) Total Chlorine. If the detennination is made in the valuation of niter 
a . 5 -gram sample is fused with about three times its weight of alkali carbonate * 
or calciiun hydroxide,’ in a platinum dish, whereby all the chlorine compounds 
are converted to chlorides. If the compounds are pre.sent as alkali salts, fusion 
with ammonium chloride in a platinum dish may be made and the total chlorides 
determined after dissolving the residue in nitric acid. 

(2) Chloride and Chlorate. If the estimation is being made in niter, 5 
grams of the salt are treated with 10 grams of zinc dust (Cl-frcc) in presence 
of 150 cc. of 1% acetic acid. The solution is boiled for half an hour, filter^, 
and the chloride determined. In a mixture of alkali salts of hydrochloric, chloric, 
and perchloric acids, reduction may be accomplished by passing in SO, gas or 
by adding ferrous sulphate and boiling according to directions given for the 
determination of chlorate. The chloride now present in the residue is due to the 
reduced chlorate and to the original chloride of the sample. 

(3) The chloride of the sample is determined by acidifying the salt with 
nitric acid (cold) and precipitating as AgCl. 

Perchlorate. The chloride and chlorate in terms of chlorine are subtracted 
from total chlorine of ( 1 ) and multiplied by the factor for the salt desired. 

Chlorate. The chlorine of (3) is subtracted from chlorine of (2) and mul¬ 
tiplied by the factor for the compound desired. 

Chloride. The AgCl of (31 is multiplied by the appropriate factor. 

Factors. AgClX0.2474= Cl, or X0.2544=HC1, or X0.4078 =NaCI, or 
XO 5202 »*KC1 

AgCl X0.855 =KC10„ or X0.9667 =KC10,. 

ClX3.4563 =KC10„ or X 3 . 9075 -KC 104 , or X2.1027=KCI, or X3.0028- 
NaClO,, or X3.4535-NaClO,, or X 1.6486 =NaCI. 


Mennick, Chera. 2!eit. Rep., 1898,_ 82,117 
Blattner and Brasseur, Chem. Zeit. Rep., 1900, 24, 
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Determination of Chiorine, Bromine, and Iodine in the Presence 

of Each Other 

The procedure is Bekk's modification of Baubi^y’s method.' 

Procedure. The halogens are precipitated with an excess of silver nitrate, 
filtered onto asbestos or glass wool, washed, dried, and weighed as total halogens 
as silver salts, A second portion is precipitated and the moist, washed silver 
salts (0.3 to 0.4 gram) are treated with a solution of 2 grams of potassium 
dichromate in 30 cc. of concentrated sulphuric acid at 95° C., and digested for 
thirty minutes. By this procedure the iodine is oxidized to hydriodic acid 
(HIOi) and chlorine together with bromine is liberated in form of the free 
halogen. Toward the end of the reaction a stream of air is led through the 
solution to remove any chlorine and bromine. This is now diluted to 300 to 400 
cc., filtered, and the hydriodic acid reduced by adding, drop by drop, with con¬ 
stant stirring, a concentrated solution of sodium sulphite, NasSO,, until a faint 
odor of SO, remains after standing ten minutes. (Under certain conditions an 
excess may result in a partial reduction of the silver iodide.) The precipitated 
silver salt is filtered, washed with hot, dilute nitric acid, dried and weighed as Agl. 
The filtrate containing the silver, formerly with the chlorine and bromine, is 
treated with potassium iodide in sufficient amount completely to precipitate 
the silver as Agl. This is filtered, washed and weighed. From the three weights 
the chlorine, bromine and iodine can be easily calculated. 

Note. Bekk claims an accuracy within less than 0.15%. 

Determination of Free Hydrochloric Acid 

In absence of other free acids, hydrochloric acid may be accurately deter¬ 
mined by titration with standard alkali. Details for the volumetric analysis 
of muriatic acid in presence of commonly occurring impurities are given in 
Volume II in the chapter on Acids. 

1 cc. N/l NaOII = 0.03647 g. IICl. 

Determination of Chloride and Cyanide in Presence of 
One Another 

The cyanide is determined by Liebig’s method described on page 131. To 
the neutral solution is added sufficient N/10 silver nitrate to combine with 
all of the cyanide and chloride present and an excess. The solution is acidified 
with nitric acid and diluted to a definite volume and a portion filtered through a 
dry filter. A portion of the filtrate, an aliquot of the whole is titrated with 
standard thiocyanate solution (page 149) using ferric alum indicator and the 
excess of the AgNO« added thus ascertained. From this the amount com¬ 
bined with the CN and Cl is known. The equivalent required by the cyanide 
is deducted, the diflerencc being due to the chloride present in the solution. 

1 cc. N/10 AgNO,=0.005203 g. CN, or 0.013022 g. KCN, or 0.003546 g. Cl 
or 0.006846 g. NaCl, or 0.007456 g. KCl. 

Determination of Chloride, Cyanide and Thiocyanate in Presence 

of One Another 

The cyanide is determined by the method of Liebig described on page 131, 
and the equivalent AgNOi required recorded ==■ A. 

• JuUua Bekk, Chem. Ztg., S9, 40S-6 (1915). C. A., 9, 2042, (1915). 
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An excess of N/10 AgNOj over that required by CN, CNS and Cl is added 
and the solution acidified with nitric acid. After making to a definite volume, 
the solution is filtered through a dry filter, the residue being saved. A portion 
of the filtrate, an aliquot of the whole solution, is titrated with standard thio¬ 
cyanate solution using ferric alum indicator (see page 149), the excess of 
AgNOj is calculated. The amount combining with CN, CNS and Cl is now 
known = B. 

The silver salts on the filter paper are washed with water and transferred 
by means of strong hydrochloric acid to a flask and boiled for an hour. The 
cyanide and thiocyanate are decomposed and dissolve, while the silver chloride 
remains unchanged. The sulphuric acid formed by oxidation of the thio¬ 
cyanate is precipitated by barium nitrate (as BUSO 4 ). Without removing the 
precipitate? AgCl and BaS 04 the silver nitrate in this solution is determined 
by Volhard’s method (page 149) and the AgNOs required by thiocyanic acid 
and Cyanide thus ascertained = C. 

By deducting the AgNOj of (A) from (C) the silver nitrate required by 
thiocyanic acid is determined. 

Deducting the AgNOj required by CN and CNS ((') from the total AgNOj 
required by CN, CNS and Cl is (B) the amount required by chlorine is obtained. 

We now have the silver nitrate equivalent of Cl, CN, t'NS. 

N/10 AgNOj = 0.005203 g. CN, or 0.005808 g. CNS or 0.003546 g. Cl. 


Note In the analysis of compounds containing hypochlorites and chlorides, 
the conversion of hypochlorites to chlorides by heating with hydrogen peroxide is 

For instances in the analysis of bleach liquors, washes, 
mav be very easily and quickly determined by titrating an aliquot with AsjOj and then 
rsWiraliq^tw^h AgNOj after converting all the OOl to Cl by warming with 
11 . 0 ,. 


EVALUATION OF BLEACHING POWDER, CHLORIDE OF 
LIME, FOR AVAILABLE CHLORINE 

When chloride of lime is treated with water, it is resolved into calcium 
hypochlorite, Ca(OCl),, and calcium chloride, CaCl,. The calcium hypochlorite 
constitutes the bleaching agent. The technical analysis is confined to the 
determination of available chlorine, which is expressed as jiercentage by weight 
of the bleaching powder. 

Procedure. Ten grams of the sample are washed into a mortar and ground 
with water, the residue allowed to settle and the supernatant liquor poured into 
a liter flask. The residue is repeatedly ground and extracted with water until 
the whole of the chloride is transferred to the flask. The combined extracts 


are made up to 1000 cc. , i x • 

To 50-ce. portions (O.o gram) of the solution, 3 to 4 grams of solid potassium 
iodide and 100 cc. of water are added and the solution acidified mth acetic 
acid. Iodine equivalent to the available chlorine is liberated. I.hi8 w titrated 

with N/10 arsenious acid. , . ,, 

One cc. N/10 arsenious acid -0.003546 gram Cl. This multiplied by 200 -%C1. 

In France the strength is given in Gwy-Li^c degrees e.g., litem of gas 
evolved by 2 kilograms of bfeaching powder, 0 C. and 760 mm. 100 “31.70% Cl. 
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Ct, at.wt. SSt.O', »p.jr. 6.98; m.p. 1680°; fc.p. 3800°C; oxides, CrO*; 

CriOs, CrO). 

DETECTION 

Chromium is precipitated by hydrogen sulphide and aiiuuonium hydroxide 
as bluish-green, Cr(OH)a, along with the hydroxides of iron and aluminum 
(members of previous groups having been removed). The chromic compound 
is oxidized to chromate by action of chlorine, bromine, sodium peroxide, or 
hydrogen peroxide added to the substance containing an excess of caustic alkali. 
The chromate dissolves and is thus separated from iron, which remains insol¬ 
uble as Fe(OH)i. The alkali chromates color the solution yellow. 

Barium acetate or chloride added to a neutral or slightly acetic acid 
solution of a chromate precipitates yellow barium chromate, IJaCr04. Addition 
of ammonium acetate to neutralize any free inorganic acid aids the reaction. 

Lead acetate produces a yellow precipitate with chromates, in neutral 
or acetic acid solutions. 

Mercurous nitrate or silver nitrate gives red precipitates with chromates. 

Hydrogen peroxide added to a chromate and heated with an acid, such 
as sulphuric, nitric, or hydrochloric, will form a greenish-blue colored .solution. 
Chromates are reduced by hydrogen peroxide in acid solution, the action being 
reversed in alkaline solution. 

Reducing agents, hydrogen sulphide, sulphurous acid, ferrous salts, 
alcohol form green chromic sivlts when added to ctiromates in acid solution. 

Bther shaken with a chromate to which nitric acid and hydrogen peroxide 
are added, is colored a transient blue. Oxygen is given off as the color fades. 

lICrO,-|-3HNO,=Cr(NO,),-|-2H,0-1-0,. 

Diphenyl carbazide test. To .5 cc. of the solution containing chromium as 
chromate, 2 drops of hydrochloric or acetic acid are added, and 1 dn)p of an acetic 
acid solution of diphenyl carbazide (0.2 gram tX) (NH-NH-OJi,), is dissolved 
in 6 oc. glacial acetic acid and diluted to 20 cc. with ethyl alcohol). A violet 
pink color is produced in presence of a chromate. I/;ss than 0.0000001 gram 
cliromium may bo detected. 

Chromic salts are bluish green; chromic acid is nd; chromates, yellow; 
bichromates, red; chrome alum, violet. 

The powdered mineral, containing chromium, when fused with sodium 
carbonate and nitrate, produces a yellow colored mass. 

ESTIMATION 

Among the substances in which chromium is determined are the following: 
Chrome iron or chromite, Cr,0,-FeOMgO; croooisite, PbCrO,: slags; chromic 
oxide, chrome green, in pigments; chromates and dichromates; chrome steel 
and ferro-chrome. 

Chapter contributed by Wilfred W. Scott. 
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Preparation and Solution of the Sample 

Although powdered metallic chromium is soluble in dilute hydrochloric or 
sulphuric acid, it is only slightly soluble in dilute or concentrated nitric acid. 
It is practically insoluble in aqua regia and in concentrated sulphuric acid. 
Chrome iron ore is difficult to dissolve. It is important to have the material 
in finely powdered form to effect a rapid and complete solution of the sample. 
An agate mortar may be used to advantage in the final pulverizing of the 
substance. 

General Procedures for Decomposition of Refractory Materials Con¬ 
taining Chromium. The following fluxes may be used: 

A. Fusion with KHSO, and extraction with hot dilute HCl. The residue 
fused with Na,Cp, and KClOj, 3 : 1, or fusion with soda lime and KCIO,, 3:1. 

B. Fusion with NaHSO. and NaF, 2:1. 

C. F'usion with magnesia or lime and sodium or potaasium carbonates, 
4 : 1. 

E. Fusion with Na202, or NaOII and KNOi, or NaOH and Na202. Nickel, 
iron, copper, or silver crucibles should be used for E. Platinum may be used 
for A, B, or C. 

Special Procedures. Materials High in Silica. The finely ground sample, 
1 to 5 grams, is placed in a platinum dish and mixed with 2 to 5 cc. concentratecl 
sulphuric acid (1.84), and 10 to 50 cc. of strong hydrofluoric acid added. The 
solution is evaporated to small volume on the steam bath and to SOi fumes on 
the hot plate. Sodium carbonate is added in sufficient amount to react with 
the free acid, and then an excess of 5 to 10 grams athled and the mixture heated 
to fusion and kept in molten condition for half an hour. F'rom time to time a 
crystal of potassium nitrate is added to the center of the molten mass until 
1 to 2 grams arc added. (Caution. Platinum is attacked by KNOi, hence 
avoid adding a large amount at any one time.) Chromium and aluminum go 
into solution in the flux, but iron is thrown out as F’e(OH)j. The cooled fusion 
is extracted with hot water and filtered from the iron residue. Chromium 
is in solution together with aluminum. If much iron is present it should be dis- 
dissolved in a little hydrochloric acid and the solution poured into boiling 10% 
solution of potassium hydroxide, the cooled solution+F'e(OH )2 precipitote is 
treated with hydrogen peroxide or sodium peroxide to oxidize any chromium 
that may have been occluded by the iron in the first precipitate. The mixture 
is again filtered and the combined filtrates examined for chromium. 

Sodium Peroxide Fusion. Chrome Iron Ores. One to two grams of finely 
pulverized ore are placed in a nickel or iron crucible of .50 to 7.5 cc. capacity 
and mixed with 5 to 10 grams of yellow sodium peroxide. (F'resh peroxide is 
best). The mass is gently heated over a Bunsen burner until it melts. The 
fusion is kept at a low red heat for about fifteen minutes. About 5 grams more 
of the Na 202 are added and the fusion heated for about ten minutes more. 
The cooled fusion is dissolved in a caaserole with 100 cc. to 150 cc. of water, more 
peroxide being added to this solution if it appears purple. The excess of peroxide 
is decomposed by boiling the solution, and to the caustic solution free from per¬ 
oxide is added 10 to 15 grams of ammonium carbonate or a sufficient quantity of 
the salt to neutralize four-fifths of the sodium hydroxide present in the solu¬ 
tion, as the strong caustic would otherwise dissolve the filter. The solution 
is now filtered. The insoluble matter is treated on the filter with dilute sulphuric 

15 
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acid, 1:4. If a portion remains insoluble, it is an indication of incomplete 
decomposition of the ore, and this residue is again fused with peroxide and 
treated as above. The combined filtrates contain the chromiuni. 

Since chromates are reduced in presence of free acid and peroxide, the latter 
should bo expelled before making the solution acid.* 

If the chromate is to be precipitated as BaCr 04 or PbCrOi, the solution 
should be acidified with hydrochloric acid. If the reduced solution is to be 
titrated with potassium pennanganate, it is best to use sulphuric acid in neutrab 
ising the caustic solution. Further directions will be given under the method 
chosen. 

Method for Solution of Iron and Steel. See methods at close of chapter. 

SEPARATIONS 

Chromium, Iron, and Aluminum. If chromium has been fused with sodium 
peroxide or carbonate containing a little potassium nitrate, and the fusion 
extracted with boiling water, most of the chromium goes into solution as a 
chromate, together with alumina, but some of the cliromium is occluded by Fe(OH),. 
If the amount of the iron precipitate is appreciable, and warrants the recovery 
of occluded chromium, it is dissolved in hydrochloric acid and the iron repre- 
cipitatod by pouring into a solution of strong sodium hydroxide. Before filtering 
off the iron hydroxide, a little 11,0, is added to oxidize the Cr,0,, if accidentally 
present, and the solution boiled and filtered. The combined filtrates will con¬ 
tain all of the chromium and aluminum. 

If chromium is present as a chromic salt, instead of a chromate, it is oxidized 
to the higher form, by adding peroxide (H,0, or Na,0,) to the alkaline solu¬ 
tion. Bromine added to this solution or chlorine gas pa.ssed in will accomplish 
complete oxidation.* It must bo remembered that in acid solutions hydrogen 
peroxide, sodium peroxide, or nitrites will cause reduction of chromates to 
chromic salts (exception, see method for solution of stad), so that theso should 
be boiled out of tho alkaline solution liefore making decidedly acid with hydro¬ 
chloric or sulphuric acids. Since these are difficult, if not impossible, to com- 
pletely expel from an alkaline solution, after boiling the strongly alkaline solu¬ 
tion, dilute sulphuric acid is added until the solution acquires a permanent 
brown color (nearly acid), acid potassium sulphate, KHSO,, is added, and 
the boiling continue. ’ This will decompose the bromates and expel bromine, 
etc., but will not cause the redm tion of the chromate, as would a strong acid 
solution. 

Separation of Chromium from Aluminum. This separation is necessary if 
chromium is to bo precipitsited as Cr(OU),. Tho sodium chromate and alumi- 
nate solutions are naade slightly acid with nitric acid and then faintly alkaline 
with ammonium hydroxide, Al(OH), is precipitated and chromium remains 
in solution as a chromate. 

* See Separations. 

• Br may oe added and then NaOH to oxidize Cr and precipitate Fe(OH),. 

Chromic oxide and most of its compounds, except chrome iron stono, may be 

decomposed by cone. HNO»-f-KC10, (added in small portions). M. GrOger, Zeitsch. 
anorg. Chem., 81, 233-242,1013. 

’KHSO, will not cause reduction of chromates. A. Kurtenacker, Zeitsch. anal. 
Chem., 82, 401-407, 1013. The Analyst, 38, 449, page 387. 
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QRAVIMETRIC METHODS FOR THE DETERMINATION OF 

CHROMIUM 

Precipitation of Chromic Hydroxide and Ignition to CraOs* 

Chromium present os a chromic salt in solution, free from iron and aluminum 
or elements precipitated as hydroxides, is thrown out of solution by NH4OH 
as Cr(OH)i, the precipitate ignited to the oxide, Cr«Oj,* and so weighed. The 
presence of hydrochloric acid or sulphuric acid does not interfere. 

Reduction. If the chromium is already present as the chromic salt, free 
from iron and alumina, it may be precipitated directly as the hydroxide by 
addition of ammonia; otherwise, if pre.sent as the chromate, as is the case when 
a separation from iron and alumina has been necessary, and in cases whore 
the chromium has be(!n brought into solution by fusion with an oxidizing 
reagent, reduction is necessary. This Ls accomplished by passing SO» or 
IIiS into the slightly acid solution of the chromate, or by adding alcohol 
to the hydrochloric acid solution and boiling until the 8<dution appears a 
deep grass green. Twenty cc. of alcohol for every 0.1 gram of Cr has been 
found to be ample for this reduction. The SOj or lIsS should be expelled 
from solution by boiling, in case either has been used for reduction of the 
chromate. 

Precipitation. Ammonium hydroxide or ammonium sulphide are added 
in slight excess and the solution boiled for about ten minutes. The solution 
should be slightly alkaline (litmus), otherwise a few drops of ammonia should 
be added, but not a large excess; the solution will then settle out clear. A 
cloudy solution results from prolonged boiling when the s<jlution has become 
acid; on the other hand, a large excess of ammonia will prevent complete pre¬ 
cipitation of chromium and the filtrate will be colored pink or violet. The 
rhromic hydroxide is filtered off on S and S 689 fitter paper. Since the precipi¬ 
tate is apt to be gelatinous it is advisable to wash two or three times by decanta¬ 
tion and several times on the paper. The well-drained precipitate and filter is 
ignited wet in a porcelain or platinum crucible, first over a low flame until the 
paper has been charred, then over a strong gas flame for about thirty minutes, 
and finally a blast heat for five minutes. The green residue is weighed as 
CrsO,.> 

Crj05X0.6846=Cr. 

' It is advisable to take such a weight of sample that the ignited CrjOi does not 
exceed 0..5 gram in weight. 

’CrjOi, nml.H't., 1.52; sp.gr., 5.04; m.p., 2059°; insol. in 11:0, slightly sol. in acids, 
dark green hexagonal. 
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Determination of Chromium as Barium Chromate 

Chromium, present ns a chromate, is precipitated from a neutral or faintly 
acetic acid solution of an alkali chromate by addition of barium acetate or 
chloride. The BaCr 04 is gently ignited and weighed. The solution should be 
free from sulphuric acid or sulphates. 

Procedure. The alkali chromate solution is neutralized with nitric acid 
or ammonia as the case may reciuire, precautions for avoiding reduction 
having been observed as imlicated under Preparation and Solution of the 
Sample. 10 cc. of N. BaCli or BafCsllsOj), (approx. 10% sol.) are added 
to the boiling solution for ea(^h 0.1 gram of chromium present. The reagent 
should bo added in a fine stream or drop by drop to prevent occlusion of the 
reagent by the precipitate. The precipitated chromate is allowed to settle 
on the steam bath for two or three hours and then filtered into a weighe<l Gooch 
crucible and washed with 10% alcohol solution. The precipitate is dried for 
an hour in the oven, then placed in an a.shestos ring suspended in a large 
crucible with cover and thus heated over a low flame, gradually increasing the 
heat until the outer crucible becomes a dull red. The cover is removed and 
the heating continued for five minutes, or until the precipitate appears a uniform 
yellow throughout. High heating should bo avoided. The cooled residue is 
weighed as BaCrOi. 


BaCrt)»X0.2055 =Cr, 
BaCrO.X 0.3002 =Cr,0,. 
BaCrO.X0.7()(l()=K,CK) 4 . 
BnCrt)4X0.5807 =K,Cr,0,. 


Notes. If the )>rccipitatc on the sides of the crucible appears green, it is ignited 
until the green color disapp<^ars. 

If sulphates are present, BaS 04 will be precipitated, hence this method could 
not be used. In this case cither reduction to the chromic salt and precipitation of 
chromium as Cr(01l)» or a volumetric procedure should be followed. 

Oxidize chromium with an excess of hydrogen peroxide in alkaline solution, reduce 
in acid solution with ferrous sulphate and titrate with permanganate. Decomposition 
of hydrogen peroxide is accelerated by heat and by presence of sodium sulphate or 
ferric salts. Salts of nickel cobalt, or manganese, decompose IbOj energetically and 
lower results are obtained. F. Bourin and A. Senechal. Compt. lend., 167, 1528-31. 

Mercurous Ni^ste Method. To the chromate solution (containing 0.2-0.S g. Ccr) 
heated to boiling is added 2 grams of Na»COj and then a saturated solution of pure 
mercurous nitrate in yiu sol. cone. IlNOj (free from nitrous oxides), added in slight 
excess. Tim mixture is boiled until the brown precipitate changes to the orange crystal¬ 
line form. The precipitate is filtered and wnshe<l with hot water, then igmted three 
hours over a Meeker burner until the weight is constant. 


‘ If the filtrate appears yellow, chromate is indicated, the solution should be reduced 
and the chromium precipitated as Cr(OH),. If the filtrate is pink, it should be boiled 
until it appears green and CrfOHls precipitates. These precipitates should be included 
in the above calculation for chromium. 


B 8 Cr 04 , mol.wt., 253.47; sp.gr., 4.498; solubility per 100 cc. H>0, 0.00038“° 
0.0043 hot. Soluble in HCl and in HNOi; yellow rhombic plates. 
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VOLUMETRIC METHODS FOR THE DETERMINATION 
OF CHROMIUM 

Potassium Iodide Method for Determination of Chromium 

Chromium present as a chromate is reduced in acid solution by addition 
of potassium iodide and the liberated iodine titrated by standard sodium thio¬ 
sulphate. The method depends upon the following reactions: 

(а) 2CrO,-l-CKI =Cr,0,-f3K,0-1-61. 

(б) I,-l-2Na,S,0,=2.VaI -l-Xa,S.O.. 

The presence of large quantities of Ca, Ba, Sr, Mg, Zn, Cd, Al, Ni, Co, HjS 04 , 
HCl, does not interfere.* 

Procedure. The alkali chromate solution containing not over 0.17 gram 
Cr • and free from FejOj, is made nearly acid with HjS 04 , boiled with 20 cc. of 
300J. pota.s.sium acid sulphate to decompose bromates or expel Br, Cl, or HiOt' 
as the case may require, more KHSO 4 being added if necessary. If the solution 
is not acid it Ls made so with sulphuric acid ami 5 cc. of the acid i)er KX) cc. of 
solution is added in excess.* About 2 grams of solid potassium iodide are added 
and, after five minutes, the liberated iodine is titrated with N/10 NasS,0« 
.solution. When the green color of the reduced chromate begins to predominate 
over the free iodine color (brownish red) a little starch solution is added and 
the titration with the thiosulphate continued until the blue color of the starch 
compound is just destroyed, care being taken not to confuse the green color of 
the reduced chromium with the blue of the starch. 

One cc. of N/10 NajSiOs* =0.001733 gr.am Or. 


Determination of Chromium by Reduction of the Chromate 

with Ferrous Salts 

The procedure may be used for the determination of chromium in presence 
of ferric iron and alumina. Hydrochloric or sulphuric acids do not interfere. 
If hydrochloric acid is present in solution, the KjCrjO, back titration should be 
made. In presence of HjS 04 cither KMnO, or KsCrjOi titrations may be 
made. The method depends upon the reduction of soluble chromates by ferrous 
salts, the excess being determined by titration. 

Reactioru. a. 2 CrO»-l- 6 FeO-l-x«FeO =CrjOj-l-3Fc508-l-j:sI'eO. 

6. xsFeO is oxidized by standard oxidizing reagent to Fe,0,. 

' Sodium peroxide is generally used for oxidation of chromium. The solution is 
now neutralized with acid, the iodide added and 10 cc. of strong HCl. The liberated 
iodine is immediately titrated. 

* If desired, stronger solution of titration reagents may be used, and consequently 
a larger sample taken. A normal sol. of NasSjOj may be used to advantage with 1 gram 
samples of chromium salts or hydrates, where Cr exceeds 10%. 

* Sutton recommends for every 0.5 gram KiCrjOr present to add .5 gram KI and 1.8 
gam H]S 04 per 100 cc. of solution. If more KjCriOr is present, increase the Kl and 
H1SO4, but not the water. 

* If desired, a normal solution of thiosulphate may be used with one gram sample 
of chromium sidts or hydroxides, when the chromium present exceeds 10 per cent. 


162 


CHROMIUM 


Procedure; Redvetion. The sample, containing not over 0.17 gram chromium 
present as a chromate, is boiled to expel oxidizing reagents according to the 
method described under the potassium iodiile procedure for chromium. The solu¬ 
tion is made acid, if not already so, and alwut 5 cc. cone. H 3 SO 4 per 100 cc. 
of solution, added in excess. Tenth normal ferrous ammonium sulphate solu¬ 
tion containing free sulphuric acid is added until the solution changes from 
yellow through olive green to deep grass green. For every 0.1 gram of chro¬ 
mium about 65 to 70 cc. of N/10 ferrous salt solution should be added. After 
five minutes, the excess of this reducing reagent is titrated either with pennan- 
ganate or with dichromate as directed below. 

Potassium Permanganate Titration. To be used in presence of free sulphuric 
acid, free hydrochloric acid being absent. 

Tenth-normal potassium p<!rnuuiganate solution is run into the reduced 
chromate until the green color gives place to a violet tinge. At the end-point 
the solution appears to darken slightly. A little practice enables one to get this 
with accuracy. A slight excess of permanganate gives the solution a pinkish 
color, readily distinguishable in the green. Addition of 3 to 4 cc. syrupy phos¬ 
phoric acid gives a sharjier end-point. The color should hold one minute. 

Potassium Dichromate Titration. N/10 Ki(lrj 07 ‘ is run into the solution 
until a drop of the sample placed on a white glazed surface with a drop of potas¬ 
sium ferricyanide reagent no longer gives a blue color. 

Calculation. From the total ferrous ammonium sulphate added, subtract 
the CO. of back titration (the reagents lieing exactly N/10), the difference g^ves 
the cc. of ferrous salt re<iuirod for chromium reduction. If reagents are not 
N/10, multiply cc. titrations by factor converting to N/10. 

Cc. ferrous ammonium sulphate X0.001733 =Cr. 

CrjOi-1-30 =CriO». .*. Cr~I^()or -3H; hence J mol. wt. Cr per liter=N sol. 

Determination of Small Amounts of Chromium 2 

Advantage may be taken of the color produced by chromates in solution ^ 
in determining small amounts, the depth of color depending upon the amount 
of chromate in solution. The method possesses the usual disadvantage of color¬ 
imetric procedures in that there is always room for doubt as to whether the 
element sought is entirely responsible for the color of the solution. 

Procediure. The solution contnining the sample is nearly neutralized with 
sodium carbonate, the reagent being added until a slight cloudiness results. 
The solution is now cleared with a few drops of sulphuric acid, and then suf¬ 
ficient excess of a strong solution of sodium thiosulphate added to precipitate 
aluminum, chromium, mangane.so, etc. The pre<npitate is filtered off, dis¬ 
solved in the least amount of dilute nitric acid, then filtered from the precipitated 
sulphur and diluted to 300 to 400 cc. Chromium is now oxidized by adding 
10 cc. of 0.2% silver nitrate solution, about 10 grams each of ammonium nitrate 
and persulphate. After boiling for about twenty minutes, sufficient hydro¬ 
chloric acid is added to decompose any permanganate present and to precip- 

* If desired, a larger sample may be taken and N/6 or N solutions used in titra- 

tbn. It is advisable to titrate chromium salts, e.g., over 1.0% Cr, with normal solu¬ 
tions, so that one gram sample m^ be taken for analysis. ' 

• M. Dittrich, Zeitseb. anorg. Chem., 80, 171-174, 1913. 
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itat« the silvei', and a few cc. added in excess. The solution is again boiled 
for about ten minutes and then filtered. The filtrate is treated with a little 
sodium phosphate to repress the color of traces-of iron that may be present 
and made to a definite volume. 

The solution may now be compared with a standard solution containing 
the same amounts f»f acids, manganese, alumina, etc., as are present in the 
sample, tenth normal potas.sium, diehromate being run into this standard solu¬ 
tion until its color matches that of the .sample. The burette reading is taken 
and the chromium calculated. 

One cc. of N/10 KaCriOi =0.00173 gram Cr. 

Notes. Prolonaed boiling after addition of hydrochloric arid to the solution of 
the chromate will cause its reduction. A green tint usually indicates that the chro¬ 
mate has been retluced. 

The test may he carried on in the presence of sulphuric, hydrochloric, phosphoric, 
hydrofluoric, and nitric acids. Alumina, manganese, and small amounts of iron 
do not interfere. 

Organic matter should bo destroyed by either calcining the sample or by oxida¬ 
tion by taking to fumes with sulphuric acid. The pre.senre of this prevents pre¬ 
cipitation of chromium. 


Colorimetric Estimation of Small Amounts of Chromium with 

Diphenyl Carbazide 

Diphenyl carbazide, (X)(NH- NII'C'eHilj, gives a violet color with chromic 
salts or chromates in acid solution, the intensity of the color being propor¬ 
tional to the concentration of the chromate. Less than 0.0001 milligram of 
chrondum may be detected by this reagent. The following procedure may be 
used for determining tr.aces of the clement: 

1 to 2 grams of the substance, which has been brought into solution with 
water or acid, is treated with an excess of sodium peroxide to oxidize chromium, 
and the solution fdtered. The fdtratc, concentrated to 75-HO cc. is acidified 
with hydrochloric, so that there is pre.sent about .') cc. of free concentrated 
acid (sp. gr. 1.19 ) per 100 ee. of Solution. The Solution transferred to a 
Ne.ssler tube, i.s treated with 1 cc. of the reagent, and the color compared with 
standards containing the same reagents ns the sample examincrl. A colori¬ 
meter may be used and comparison made with a standard according to details 
given for the colorimetric comparison of traces of lead or titanium. 

Preparation of Diphenyl Carbazide Reagent. One tenth of a gram of the 
compound is dis.solved in 10 cc. of glacial acetic acid and diluted to 100 cc. 
with ethyl alcohol. 

Diphenyl carbazide may be made by heating a mixture of 15 grams of 
urea with 50 grams of phenyl hydrazine four hours, finishing at 155° C. .The 
solid product is crystallized three times with alcohol. A light straw-colored 
product is obtained. A white product is obtained if the urea is cut down to 
5 grams, the yield, however, is only 25 per cent of that obtained by the first 
method and the compound possesses no advantages. 
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Determination of Chromium in a Soluble Chromate 

To a concentrated solution of potassium iodide is added a known amount 
of the soluble chromate dissolved in a little water. The liberated iodine is 
now titrated with standard thiosulphate reagent. 

N/10 Na:SjO, = 0.001733 g. Cr. 

Determination of Chromium in Chromite 

About 0.2 g. of the powdered ere is fused with ten times its weight of 
NajOj in a porcelain crucible, placed inside a larger crucible. The melt is 
dissolved in water and the I'’c(OH )3 filtered off. The filtrate is evaporated to 
dryn&ss, the residue taken up with as little water as possible and about two 
grams of KI added. The solution is now diluted to about 300 cc. and the 
liberated iodine titrated with standard thiosulphate. 

N/10 NajSjO, = 0.001733 g. Cr. 

Rapid Method for Determination of Chromium in Steel* 

Three grams of steel are dissolved in 100 cc. sulphuric acid 1 to 4. If it 
does not ilissolve rapidly a crystal of (Nn,)j(S (),)2 will hasten it. After 
solution add cone. llN().i until iron is oxidizeil. Boil for one minute, add 
10 cc. 6% AgNOj, remove from flame and add crystals of Am. Persulphate 
until all the chromium is oxidized as shown by the manganese being converted 
to Permanganate. Boil until pcrsuliihatc is broken up and then add .1% sod. 
chloride until permanganate is destroyed as shown by the disappearance of 
the red color. An excess of salt sol. should be avoided. Cool thoroughly and 
Utrato with ferous sulphate, determining the excess with ])ermanganate. 
These solutions are standardized on a known sample of chrome steel. 

Two determinations run simultaneously will check within .02%. 

• Method by A. I. Appclbaum, the chemist analyst, J. T. Baker Chem. Co. 
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DICHROMATE-DIPHENYLAMINE METHOD FOR DETERMIN¬ 
ING CHROMIUM IN IRON ORES AND ALLOYS 

The method takes advantage of Knop’s reaction with diphcnylamine 
(Journal of the American Chemical Society, Feb., 1924) in titration of iron 
with pota.ssium dichroraatc, here chromate is titrated with a solution of iron. 
The procedure is applicable to the determination of chromium in ores, ferro- 
chromc, chrome steels and soluble cliromates. 

Reagents 

Potassium Dichromate. 0.1 N solution. 

Ferrous Ammonium Sulphate or Ferrous Sulphate. 0.1 N solution. 
Phosphoric-Sulphuric Acid. LW cc. sulphuric acid (d. 1.84) and 150 cc. 

phosphoric acid (d. 1.70) diluted to 1000 cc. with water. 

Diphcnylamine Indicator. 1 g. of the reagent dissolved in 100 cc. of sulphuric 
acid (d. 1.84). Use 4 drops (0.2 cc.). Deduct 0.1 cc. blank. 

Sodium Peroxide. Fresh powder. 

Procedure 

The amount of the sample should be such as contains between 0.002 to 
0.08 g. chromium. The finely powdered material is fused with ten times its 
weight of sodium iicroxiile in a nickel or iron crucible. (It appears unncce.ssary 
to licat to molten condition, provided the mass sinters.) After heating at 
dull red heat for ten minutes, the crucible is cooled and then upset in a 400 cc. 
beaker containing about 100 cc. of water. (The beaker should be immediately 
covered as the reaction is violent.) The crucible is washed out and removed, 
and the solution boiled to expel the peroxide. The solution is cooled and 
dilute sulphuric acid added until the alkali is neutralized and the solution is 
slightly acid. (Iron hydro.xide dissolves, but manganese dioxide remains in 
suspension.') If manganese is present, it is removed by filtration. To the 
filtrate lo cc. of phosphoric-sulphuric acid mixture is now added and, from a 
• burette, a measured excess of standard ferrous ammonium sulphate. (With 
an excess of ferrous s.alt the solution turns green.) Four drops (0.2 cc.) of 
diphcnylamine indicator are now added and the excess of ferrous salt titrated 
with standard potassium dichromate. The green color changes to a blue 
green and then to an intense blue or violet color. (If the end-point is overrun, 
titrate back with ferrous sulphate to a green color and rcjicat the dichromate 
titration. Convert the reagents to exact equivalents, i.e., terms of 0.1 N 
solution.) The difference between the cc. of ferrous solution and the dichro- 
matc reagent multiplied by the chromium equivalent represents the chromium 
in the sample. 1 cc. O.N solution is equivalent to 0.00173 g. chromium. 

Notks. 1. If it is desired to filter off the iron and manganese precipitates, it will 
bo necessary to filter through asbestos or to neutralize the caustic with ammonium 
cnrlxniatc (i..5 times as much ns peroxide used in fusion), boil and filter through paper. 
The ferric hydroxide occludes chromium, hence solution of the iron with acid and 
reprecipitation is necessary to recover chromium. 

2. If the iron precipitate has been dissolved and much manganese is present, the 
precipitate may be filtered off. Manganese dioxide does not occlude an appreciable 
amount of chromium. 

3. Chrome steels may be dissolved with acid followed by treatment with perman¬ 
ganate to oxidize the iron. 
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6. It is evident that neither ferric salt nor dichromate alone produce the blue color, 
but an excess of dichromate in presence of ferric iron. If much chromium is present, 
the end point may lie overrun owing to the depth of color, the excess of dichromate 
causing a greenish blue color to reappear. Back titration with ferrous sulfate will 
restore the blue or violet color, and an excess will change the color to blue green. 



By courtesy of Arthur II. Thomas Company, Philadelphia, Pa. 


Fi(i. 26n.—Colorimeter. 


DIRECnOttS FOR THE USE OF A DOBOSCQ TYPE OF COLORIMETER 

The mirror is turned so that the two halvos of the field appear to bo equallsf illuminated with the cups 
clean and ompty. The solutions am then poured into the cups. The cup containing the standard solution « 
then lowerw to a definite thickness of the standard solution between the botU»m of the cup and the end 
of piun»r. With this movement the half of the field currespinding to the standard solution is seen to 
darken, whuo the other half roimtins luminous and colorless. If the cup containing the unknown solution 
Is now moved in its turn, the two halves of the field are brought to the same intensity, after which the 
height at which the two liquid cohinms display this equal alisorptive power is rca<l by means of this scale. 
The proportion of coloring matter in two solutions is inversely proportional to the heights of the two columns 
neoMsary to obtain the same intensity of illumination, thus if the standard tube Is act at 10 rom., and the 
solution under examination is the same intensity of color at 20 min., the latter is just one^half the concen* 
tmidon of the standard. 'I'his is usually expressed by the formula: 

Color of lest soiufi’en Hfxght of $tand<ird $<dutior^ 

Color of rtawhtnl oolution ** of s^ufion to be to^ed 


If, fherefore, the scale reading is 20 mm. for the standard, and Ifi mm. for the solution to be tested, the 
formula reads: ft « t.3n. 

It. iar example, the standard solution contains 4 ml. of coloring matter in 100 ml., the solution under test 
will be found to contain 4 x 1.33 - 6.32 ml. in 100 ml. 
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DETERMINATION OF CHROMIUM IN STEEL- 
CHLORATE METHOD 

The following method is recommended for routine by the A.S.T.M. 

Reagents 

Nitric Acid. 1000 cc. HNOa (d. 1.42) and 1200 cc. water. 
Potassium-Fcrricynnide Indicator. 0.1 g. salt per 50 cc. water. Prepare 
fresh each day the indicator is used. 

Potassium Dichromate. 5 grams of salt per liter. Adjust to 0.1 N. 

Potassium Permanganate. 2 grams of salt per liter, standardized against 
sodium oxalate. The solution adjusted so that 1 cc. is ecpial to 0.001 g. 
chromium (1 cc. = .l% per 1 g. sample). 1 g. Na 2 C 204 = 0.2.584 g. Cr; 
hence 0.001 g. Cr= 0.00.387 g. Na 2 C 204 and 0.1548 g. Na2C204 should 
require 40 cc. titration. 

Ferrous Sulphate. 25 grams of ferrous ammonium sulphate dissolved in 
900 cc. water and 100 cc. (1 : 1) H 2 S 04 added. 

Procedure 

A sample of 1 gram of steel in a 300 cc. ICrlenmeyer flask is dissolved in 
30 cc. of the nitric acid and the solution evaporated rapidly to about 15 cc. 
.50 cc. of strong HNO 3 (d. 1.42) are added and 1 g. of sodium or potassium 
chlorate. The solution is boiled down to about half the volume. Either of 
the following procedures are recommended. 

1. The .solution is diluted with 100 cc. of water, the manganese filtered off 
and washed with hot water. The filtrate containing the chromium is cooled, 
diluted to 600 cc., an excess of the ferrous sulphate solution added and the 
excess titrated with potassium dichroinate reagent, using the spot test with 
potassium-ferricyanide indicator, the spot no longer showing a blue eolor of 
ferrous iron. 

Note. In place of the outside indicator, the editor, W. W. Scott, recommends 
the use of the internal indicator, diphenylaminc (0.2 cc. of a solution 1. g. salt per 100 
cc. strong II2SO4). Sec method, page 164a. 

2. 10 cc. of hydrochloric acid (1:1) are added and the solution boiled 
until the manganese dissolves. The cooled solution is diluted to 300 cc. 
An excess of ferrous sulphate is added and the excess titrated with standard 
pota.ssium ]>crmanganatc solution to a faint pink color. 

Notes. The ferrous ammonium sulphate should l)c compared with the diclmmate 
or (lermanganate reagents the day it is used and the ratio of the reagents cstabhvicd. 

Oxidation may lie effected of the manganese with potassium permiuiganate added 
to a boiling solution of the steel dissolved in sulphuric acid (in volume of about 150 cc.), 
a large excess of the rwrmanganate being avoided, as it is claimed that MnOt carnea 
down Cr. The A..S.T.M. method now recommen^ either of two metho^: (o) precipi¬ 
tation of iron as h/dmxide with ammonia, filtering off a portion and determining Cr 
in the filtrate, or method 2 aliovc. T^e Mitor finds that the Fe(OH)i is largely re¬ 
sponsible for holding up chromium, and advises against this procedure (a). 
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DETECTION 

After the removal of the (ileniciits precipitated by hydrogen sulphide from 
aeid solution, a little nitric acid is added to the solution to oxidize to the ferric 
state any ferrous salts which may l)e present, and ammonia is added until its 
odor is distinctly i)crceptible, to precipitate iron, aluminum and chromium,* 
This precipitate is removed by filtration and hydrogen sulphide passed through 
the ammoniacal solution to precipitate cobalt, nickel, manganese and zinc. After 
collecting this precipitate, it is washed thoroughly with cold hydrochloric acid of 
approximately 1.03.5 ai)ecilic gravity, to remove manganese and zinc. A small 
quantity of the residue is fusi^d with borax in the loop of a platinum wire. A 
blue color in the cold Iwad indicat(-s cobalt. This test is masked in the presence 
of largo quantities of nickel. In this case the residue is dissolved in hydrochloric 
acid to which a few dro|)s of nitric acid have liecn added and the solution evap¬ 
orated to dryness. The residue is redis.solved in water, acidified with hydrochloric 
acid and the cobalt precipitated with a hot solution of nitroso-beta-naphthol 
in 50% acetic acid. A brick red precipitate indicates cobalt. 

Potassium sulphocyanate, KCNS, produces a red color with cobalt. If to 
this neutral or faintly acid solution arc adde<l twice its volume of alcohol and 
four times its volume of ether and the solution shaken the ether layer is colored 
blue by cobalt. If iron is present a solution of sodium thio-sulphatc, NajSjOs, 
is added until the red color disappears, the solution filtered and then treated 
with the alcohol-ether mixture. 

Potassium Nitrite, KNOj, added to a neutral or slightly acid solution con¬ 
taining acetic acid, will precipitate cobalt ns a yellow complex nitrite having 
the formula KsCo(NOj)«. 

A solution of difi/andianmliiie Kulphnle and soclium hydroxide added to a 
cobalt solution to which ammonia has been added until the odor is distinctly 
discernible, and containing from 10 to 20 cc. of 10% sugar solution, will change 
the color of the solution to red or reddish violet. If large quantities of nickel 
are present the color will be yellow or reddish yellow, after which the nickel will 
separate out in brilliant crystals, leaving the cobalt in solution, coloring it as 
described above. 

A concentrated solution of ammonium sulphocyanate added to a cobaltous 
solution colors it blue. On dilution this becomes pink. Amyl alcohol or a mix¬ 
ture of amyl alcohol and ether 1:1, added to this and shaken, extracts this 
blue compound. Iron sulphocyanate, FefCNSls, likewise colors the ether- 

‘ If a relatively largo amount of iron is present, tho basic acetate method of separa¬ 
tion IS necessary, as iron occludes cobalt. 

Chapter contributed by W. L. Saveli. 
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alcohol extract red, which may mask the cobalt blue. By addition of sodium 
carbonate solution ferric hydroxide precipitates, while the cobalt color will remain 
after this treatment. 

ESTIMATION 

Cobalt is usually estimated as metal; either reduced by hydrogen from the 
ignited oxide or reduced by electrolysis from an anunoniacal solution of its 
salts. Sometimes, however, it is e.stimatcd as oxide; usually as CojO*. The 
reduction of the oxide by hydrogen may be carried out in conjunction with any 
process giving an oxide, hydroxide^ carbonab;, nitrate, chloride or an organic 
compound, as a final product. 

The reduction of the metal, in solution, by electrolysis, must be accomplished 
in a strongly ammoniacal solution free from copper and nickel, as the.se metals 
are deposited with the cobalt on the cathode;. When desirable the copper and 
nickel may be estimated after the electrolysis by dissolving the dcixisit from the 
cathode and proceeding in the usual manner. 

Preparation and Solution of the Sample 

General Procedure for Ores. The ores containing cobalt vary so widely 
in their chemical nature that it is diflicult to lay clown a method for treating all 
ores. However, as the princijml ores contain the cobalt as a sulphide or arsenide 
the same general methods may be used in the majority of cases. In all ca.ses it 
is necessary to prepare the sample for tr(;atment by grinding finely. Usually 
either of the above ores may be brought into solution by heating with strong 
nitric acid or a mixture of nitric and hydrochloric acids, except silver-bearing 
ores, which may usually be dissolved in a mixture of nitric and sulphuric acids. 

While it is desirable to use no more acid than is noccs.sary to bring the sam¬ 
ple into solution, an excess will not interfere, as it may be driven off by cvaiwra- 
tion and in the event of determining the cobalt ehictrolyticully it is essential 
that the solution be free from nitric acid, so that this evaporation Ijecomes 
’ part of the procedure. 

In the case of especially refractory ores or oxides of cobalt or nickel, a fusion 
with potassium bisulphate will usually be found sufficient as a preliminary treat¬ 
ment to enable it to be brought into solution. Under certain conditions, how¬ 
ever, it has lieen found necessary to fuse the ore with sodium peroxide in a silver 
crucible, dis.solving the cobalt oxide fonned in hydrochloric acid. In some¬ 
what less refractory ores of a silicious nature a preliminary fusion with a mixture 
of sodium carbonate and potassium carbonate with subsef|uent solution in 
hydrochloric acid or sulphuric acid, if the ore is a silver-liearing one, will be 
found satisfactory. 

Cobalt Oxides. Cobalt oxide, gray or black, may be fused with potassium 
bisulphate, and the melt leached with water; or they may be treated with sul¬ 
phuric acid, in which they dissolve slowly; or wdth liydrochloric acid, in which 
they dissolve more rapidly. 

Metallic Cobalt, Nickel and Cobalt Alloys. Metallic cobalt dissolves 
readily in nitric acid, as do nickel and the ordinary cobalt alloys. There are 
some alloys of cobalt, however, which require fusion with sodium peroxide be¬ 
fore they become amenable to further treatment. Among these are certain 
cobalt-chromium alloys. 
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SEPARATIONS 

Separation of the Ammonium Sulphide Group Containing Cobalt from the 
Hydrogen Sulphide Group— Mercury, Lead, Bismuth, Copper, Cadmium 
Arsenic, Antimony, Tin, Gold, Molybdenum, etc. 

Hydrogen sulphide passed into a hydrochloric acid solution containing 
from 6 to 7 cc. of concentrated hydrochloric acid per 100 cc. of solution, pre¬ 
cipitates only the memlx:rs of that group and silver, whereas the members of the 
subsequent groups remain in solution. If the solution is too acid, lead and 
cadmium arc not completely precipitated. 

Separation of the Ammonium Sulphide Group from the Alkaline Earths 
and Alkalies. Ammonium sulphide, free from carbonate, added to a neutral 
solution containing the above elements in the presence of ammonium chloride, 
precipitates only the members of this group; the alkaline earths metals, mag¬ 
nesium and the alkalies remain in solution. A second precipitation should be 
made if large quantities of the alkaline earths or alkalies are present. 

Separation of Cobalt and Nickel from Manganese. The solution of the 
chlorides or sulphates of cobalt or nickel is treated with an excess of sodium 
carbonate and then made strongly acid with acetic acid. About 5 grams of 
sodium acetate for each gram of cobalt or nickel present is now added, the solution 
diluted to 200 ce. and heated to about 80“ C. and saturated with hydrogen sul¬ 
phide. Cobalt and nickel are precipitated as sulphides and the manganese 
remains in solution. The filtrate is concentrated, and colorless ammonium 
sulphide added when the cobalt and nickel that may have passed in solution 
from the hydrogen sulphide treatment, will be precipitated. The treatment 
should be repeated with the second filtrate to ensure complete precipitation of 
the cobalt and nickel. 

Separation of Cobalt from Nickel. Among a number of methods for effect¬ 
ing this separation the following give good results: 

A. Nickel is removed from the solution by precipitation with dimethyl- 
glyoxime. The details of the procedure may be found in the gravimetric methods 
for the determination of nickel. Cobalt remains in solution. 

B. Cobalt is precipitated by nitroso-beta-naphthol, leaving nickel in solu¬ 
tion. Details of the procedure are given under gravimetric methods for deter¬ 
mination of cobalt. 

C. Cobalt is precipitated as potassium cobalti-nitrite, nickel remaining in 
solution. Details of the procedure arc given under gravimetric methods for 
the determination of cobalt. 

Separation of Cobalt from Zinc. Zinc is precipitated from weak acetic or 
formic acid solution by hydrogen sulpliide as zinc sulphide. Cobalt, nickel 
and'manganese remain in solution. The details of the procedure are given under 
the methods of determination of zmc. 
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GRAVIMETRIC METHODS FOR THE DETERMINATION 

OF COBALT 

Precipitation of Cobalt by Potassium Nitrite 

Cobalt inay be precipitated from a solution made slightly acid with an excess of 
acetic acid by adding a hot solution of potassium nitrite. The cobalt is precipitated 
as potassium cobalti-nitrite, K3Co(NOj)6, very completely, after standing for a 
period of six hours in a wann place. This method has the advantage of making 
possible the separation of cobalt from nickel and iron, although it has the one 
disadvantage, for coiimiercial purposes, of requiring a long time to complete the 
determination. , 

Procedure. After bringing the material into solution and separating the 
silica and members of the first and second groups in the usual manner, the 
solution is boiled to eliminate hydrogen sulphide. Oxidize the iron present 
with a little hydrogen peroxide and evaporate the solution to a syrup. Take 
up in a little water and neutralize with a practically saturated solution of .sodium 
carbonate. Render slightly acid with acetic acid and add an excess of 1 : 1 
acetic acid. Heat to almost boiling and add solution of 50% potassium nitrite 
containing 100 cc. of glacial acetic acid per liter, also heated to nearly boiling. 
This solution should be ailded slowly to the solution of the sample which should 
be agitated, prefcsraldy by rotating gently while the addition Ls being made. 
The sides of the beaker should be washed down with a 1% solution of potassium 
nitrite containing 1 cc. of glacial .acetic acid i)er liter. Allow to stand for at 
least six hours and if possible overnight. Filter through thick Swedish filter 
paper without previous wetting. As this precipitate shows a veiy decided 
tendency to creep, considerable care is reciuired to keep it well down in the apex 
of the filter-paper cone. Wash about ten times with the wann nitrite solution 
mentioned above. Transfer to a beaker by removing the filter pajicr from the 
funnel and opening it into the beaker wath the outside of the paper against the 
glass. This leaves it in a convenient position for washing. The bulk of the 
precipitate is washed off with 10 cc. of 1 : 1 sulphuric acul, heated to about 80“ C. 
This should leave only a slight film of precipitate on the paper. Keep the solution 
in the beaker at about 80“ C. to a.ssist in dissolving the precipitate and wash 
the paper with the hot sulphuric acid solution five times, using about 10 cc. each 
time. Gradually withdraw the filter paper from the top of the beaker during the 
washing operation. Give the paper a final wash with hot water and squeeze the 
last drops from it into the beaker. Evaporate and allow to fume strongly for 
ten minutes. Set the beaker in a cooling trough and add water until the volume 
is alsjut doubled. Neutralize and make slightly ammoniacal and then add 
an excess of .50 cc. of strong ammonia and electrolyze as described under Elec¬ 
trolysis in Reduction of Cobalt by Electrolysis, page 170. 

Precipitation of Cobalt by Nitroso«beta»NaphthoI * 

Nitroso-beta-naphthol, Ci»H*(NOH), added to a hydrochloric acid solution of 
cobalt, precipitates cobalti-nitroso-betarnaphthol, Co(Ci((H«0(NO))»; nickel, if 
present, remains, in solution. The method is especially suitable for 4he deter¬ 
mination of small amounts of cobalt in the presence of comparatively large 

• Burgess, Z. Angew., 1896, 696. 
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amounts of nickel. The cobalt precipitate is voluminous, so that the sarafds 
taken for the determination should not contain over 0.1 gram of cobalt. The 
reagent will also precipitate copper and iron completely from solution, and 
silver, bismuth, chromium and tin partially; but mercury, lead, cadmium, arsenic, 
antimony, aluminum, manganese, nickel, glucinum, calcium and magnesium 
remain in solution. 

Procedure. To the solution containing the cobalt is added a freshly prepared 
hot solution of nitroso-lxita-naphtbol, in .50% acetic acid, as long as a precipi¬ 
tate is produced. After allowing it to settle, more of the reagent is added to 
insure complete precipitation of the cobalt. The compound is allowed to 
settle for two of three hours, the clear solution decanted through a filter and the 
precipitate washed by decantation with cold water, then with warm 12% hydro- 
chjDTic acid solution to remove the nickel, and finally with hot water until free of 
acid. 

The brick-red precipitate is dried, then ignited in a weighed platinum cru¬ 
cible (Rose crucible), first over a low flame and fiiudly at a white heat, the 
crucible l)cing covered by a platinum cover (Rose crucible type) with a platinum 
tube, through which is imsscd a slow current of oxygen. The residue is weighed 
as CojOi. The oxide may Ixi reduced in a current of hydrogen and weighed as 
metallic cobalt. Ignited in the presence of COa the oxide CoO is fonned. 

Edler finds it unnecessary to ignite the cobalt in a current of oxygen. 
Ignition in air is best. 

Precipitation of Cobalt by Electrolysis' 

Metallic cobalt is readily deposited from an ammoniacal solution of the 
sulphate, but in the presemee of copper and nickel these arc also completely pre¬ 
cipitated on the cathmle; so, in case it is desired to determine the cobalt alone 
it is necessary to separate these n\etals from the solution before electrolysis or to 
determine them sc^parately after electrolysis in a solution of the metallic deposit. 
In practice the copjjer is usually separated before electrolysis and the nickel, if 
determined separately, is estimated afterward by one of the methods given under 
Nickel, the cathode deposit being dissolved for this purpose. 

Procedure. After preparation and solution of the sample the usual sepa¬ 
rations with hydrogen sulphide in acid solution are made if neees.sary. In 
most eases it is iieces-sary to pass hydrogen sulphide through the warmed solu¬ 
tion for at lea.st one hour to insure the complete precipitation of arsenic. Filter 
and boil to expel hydrogen sulphide. Add .5 cc. hydrogen peroxide to insure 
oxidation of iron comtX)unds to ferric state and add ammonium hydroxide until 
slightly alkaline to litmus. Filter off ferrh; hydroxide and wa.sh with water 
containing a small quantity of ammonium hydroxide. Heducsolve and repre¬ 
cipitate this ferric hydroxide in the above nwnner, using a little hydrogen per¬ 
oxide in each instance, until the last traces of cobalt have been removed from it, 
keeping the filtrates, which should be as small as possible, to add to the main 
filtrate. If much iron is present this is best removed as the ba.sic acetate. 

Electrolysis. If the treatment of the iron precipitate has made a large 
volume of solution this may be reduced by evaporation, after which 50 cc. of 
strong ammonia aie added and the solution electrolyzed, using direct current of 
2 volts and 0.5 ampere per square dccimrter. The electrodes should be 
platinum, the anode a spiral wire and the cathode either a hollow cylinder or a 
cylindrical gauze. By agitating the solution, raising the voltage and the cur- 
• Low, “ Technical Methods of Analysis.” 
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rent density, the rate of deposition may be increased. In a properly agitated 
solution the deposition may be completed in forty-five minutes. 

The current should not be cut off until the solution is tested to determine 
if the electrolysis is complete. This is d.jiie by mixing a drop or two of the 
solution from the end of a stirring rod with a few drops of ammonium sulphide. 
If the electrolysis is complete the mixture will remain colorless, but if some 
cobalt still remains in the solution the mixture will be darkened. After the 
electrolysis is complete the cathode is carefully removed from the solution and 
dipped into a beaker of clean water, after which it is washed with alcohol, pref¬ 
erably ethyl alcohol. 

If a large number of electrolytic determinations are to be made, it is con¬ 
venient to have a wide-mouthed bottle with a well-ground-in glass stopper or a 
cork stopper for holding the alcohol for the preliminary washing. The mouiA 
should be large enough to receive the cathode without pouring o<it the alcohm. 
The cathode may be towered into the alcohol in this bottle, which should only 
be partly filled, and then rinsed again by pouring fi-csh alcohol over it and allow¬ 
ing it to dmin into the wide-mouth bottle. This allows a great many cathodes 
to be washed with a comparatively small ((uantity of alcohol. Directly after the 
final washing with alcohol the cathode is passed through the flame of a Bunsen 
burner and the alcohol ignited. .AftcT this is entirely burned off the cathode 
is placed in a desiccator to cool and when cool is weighed, lire increase in weight 
of the cathode is the weight of cobalt in the sample if the solution had been free 
from nickel before electrolysis. If the nickel remained in the solution the increase 
in weight of the cathode represents the cobalt and nic-kcl in the sample. If it 
is desired to determine the cobalt and nickel together tlie increa.so in weight of the 
cathode is divided by the weight of the sample and multiplied by 100 to obtain 
the p<?rcentage. If it is desired to obtain the percentage of cobalt separately, 
the plate is dissolved from the cathode in a few cc. of nitric acid and the nickel 
determined in the resulting solution by precipitation with dimcthyl-glyoxime 
as described in the chapter on Nickel, after which tlio cobalt is found by 
difference. 

Cobalt in Cobalt Oxide ‘ 

One gram of finely ground cobalt oxide is either fused with 10 grams of potas¬ 
sium bisulphatc or heated with 20% sulphuric, acid until dis.solved. If the 
fusion method is used the melt is extracted with water and acidified with sulphuric 
acid. Arsenic and copircr are precipitated by passing hydrogen sulphide through 
the warmed solution, which should be diluted to about 200 cc. for alxiut one 
hour. These are removed by filtration and the cobalt determinated by one of the 
above methods. The following procedure is one of the most satisfactory: 

Procedure. If it is desired to determine the nickel separately, as is usually 
the ease, this is first precipitated with dimethylglyoximc as described in the 
chapter on Nickel, after boiling the solution to expel hydrogen sulphide. It is 
then evajxirated to fumes of sulphur trioxide and taken up with twice its volume 
of water. The free acid is neutralized with ammonium hydroxide and an excess 
of 50 cc. of strong ammonium hydroxide added. The solution is made up to 
250 cc. and electrolyzed as under Precipitation of Cobalt by Electrolysis. 

* R. W. Landrum, Proc. Am. Ceramic Soc., 12, 1910. 
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Cobalt in Metallic Cobalt and Ferro<<x)balt 

Cobalt is usually determined in metallic cobalt and farro-cobalt by electrol¬ 
ysis, after separation of the elements precipitated by hydrogen sulphide in acid 
solution and elimination of iron, if present in large quantities. In case it is 
desired to estimate nickel separately it is precipitated by dimethylglyoxime as 
described in the chapter on Nickel, before electrolysis, taking the solution down 
to sulphur trioxide fumes, diluting with water and adding ammonium hydroxide 
in excess and electrolyzing. In case the solution is electrolyzed before sepa¬ 
rating the nickel the determination of this element may be made in the solution 
of the electrolytic deposit dissolved in acid, the cobalt then found by difference. 

Procedure. Dissolve 1 gram of well-mixed drillings in the least possible 
quantity of nitric acid and add 20 cc. of 1 :1 sulphuric acid. Evaporate to 
fumes of sulphur trioxide and allow to fume strongly for ten minutes. This 
insures the complete elimination of nitrates, which would interfere subsequently 
with the electrolysis. Cool and dilute carefully with 20 cc. of water. Heat 
the solution to nearly boiling and pass in hydrogen sulphide for one hour to 
precipitate copper and arsenic. Filter and boil the solution to expel the last 
traces of hydrogen sulphide. Add 2 cc. of hydrogen peroxide to oxidize ferrous 
compounds to ferric state, and add ammonium hydroxide until slightly alkaline 
to. litmus paper and heat to boiling. Filter off the ferric hydn)xide and wash 
with water containing a small quantity of ammonium hydroxide. Redissolve 
the precipitate in a little 1 :1 sulphuric acid, adding a little hydrogen peroxide 
to keep the iron in the ferric state, and reprecipitate in the same manner as that 
described above. In presence of comparatively large amounts of iron the basic 
acetate separation of iron is necessary, as Fc(OH), occludes cobalt and nickel. 
The filtrates from these precipitations are added to the main one. 

In determining the cobalt in metallic cobalt it is not necessary to filter off the 
iron precipitate, if this is small, ns it has been found by W. L. lligg, of Deloro, 
Ontario, that this precipitate does not interfere with the accuracy of the deter¬ 
mination. The iron content njay be up to 5% without interfering seriously with 
the electrolysis. 

The solution is made ammoniacal with .W cc. of strong ammonium hydroxide 
and electrolyzed as described above. 

Cobalt in Metallic Nickel 

The cobalt in metallic nickel may be determined by precipitation with potas¬ 
sium nitrite from a solution of the sample containing an excess of acetic acid. 
The precipitate is filtered off and dissolved in hot sulphuric acid solution, after 
which the solution is cvaiX)raUKl to fumes of sulphur trioxide and carefully 
diluted. The excess of acid is neutralized and made strongly ammoniacal with 
ammonium hydroxide. The solution is then electrolyzed as previously described. 

Procedure. Dissolve 6 grams of thoroughly mixed drillings in a minimum 
quantity of nitric acid. Evaporate to a syrup. Care must be exercised at this 
point to prevent evaporating too far and decomposing the nitrates. Dissolve 
in 60 cc. of water. Neutralize with a practically saturated solution of sodium 
carbonate. For this purpose a dropping bottle is very convenient. Eender 
slightly acid with acetic acid and add an excess of 10 cc. of 1 :1 acetic acid. Heat 
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to almost boiling and add 10 cc. of a 50% solutii^n of potassium nitrite to which 
has been added 10 cc. of glacial acetic acid per 100 cc. of solution. This solu¬ 
tion must also be nearly boiling and should be added while gently rotating the 
nickel solution. Wash down the sides of the beaker with a 1% solution of 
potassium nitrite containing 1 cc. glacuil acetic acid per liter. Allow to stand 
for at lea.st six hours and preferably overnight. Filter through a thick, 9-cm. 
filter paper without previous wetting. Considerable care is required to keep the 
precipitate well down in the apex of the filter paper cone, as it creeps very badly. 
Wash about ten times with the warm nitrite solution mentioned above. Lift (^ntly 
from the funnel and open the filter paper into a beaker. Lay the paper against 
the side of the beaker with the outside agaitist the glass. This leaves the paper 
adhering to the side of the beaker in a most convenient position for washing. 
Wash down as much of the precipitate as possible with about 10 cc. of 1 : 1 sul¬ 
phuric acid solution, heated to about 80° C. This should leave only a slight 
film of precipitate on the paper. Keep the solution at about 80° C. and wash 
the paper five times with the warm sulphuric, acid solution, using about 10 cc. 
each time, gradually withdrawing the paper from the top of the beaker. Give 
a final wash with hot water and squeeze the last drojis from the filter pa|>er into 
the beaker. Evaporate and allow to fume strongly for ten minutes. Add water 
in a cooling trough until the volume is about doubled. Neutralize with ammo¬ 
nium hydroxide and add an excess of 50 cc. of strong ammonium hydroxide and 
electrolyze as described in Precipitation of Cobalt by Electrolysis. 

Cobalt in Ores and Enamels * 

The determination of cobalt in ores and eiuunels is usually made by a slight 
variation of the aiwve methods. The silica is separated in the usual manner 
by taking down to dryness with hydrochloric acid and the warmed solution is 
treated with hydrogen sulphide to precipitate sulpliidcs insoluble in acid solution. 
Aluminum, chromium and iron arc precipitated by adding ammonium hydrox¬ 
ide to the oxidized solution. In the enamel industry it has been the practice 
to follow 11. W. Landrum’s method, in which the cobalt, manganese and nickel 
are precipitated together as sulphides and filtered off. The manganese is dis¬ 
solved from this precipitate with cold hydrogen sulphide water acidified with 
one-fifth its volume of hydrochloric acid (sp.gr. 1.11). The residue of cobalt 
sulphide is burned in a porcelain crucible, dissolved in aqua regia and evap¬ 
orated with hydrochloric acid. The platinum and copper, if they are present, 
are thrown down by passing hydrogen sulphide through the solution. The 
filtrate is made ammoniacal and the cobalt Ls precipitated with hydrogen sul- 
phid<;. This is filtered off and wa.shed with water containing a small quan¬ 
tity of ammonium sulphide. The precipitate is either ignited and weighed as 
oxide or reduced in hydrogen to metallic cobalt, taking care to c(Kd it thor¬ 
oughly in an atmosphere of hydrogen before allowing it to come into contact 
with the atmosphere of the room, as finely divided cobalt is decidedly pyrophoric 
and oxidizes readily, particularly if reduced at a low temperature. 

Instead of igniting the sulphide precipitate it may be dissolved in hot 1 : 1 
sulphuric acid solution with the aid of a little nitric acid and treated as described 
under Precipitation of Cobalt by Electrolysis. 


* R. W. Landrum, Trans. Am. Cer. Soc., 14,1910. 
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Cobalt in Steel 

This determination is a modification of the nitroso-beta-naphthol method 
already described, as worked out in the laboratory of the Firth Stirling Steel 
Company, McKeesport, Pa. The procedure as described by Mr. Giles, Chief 
Chemist, is as follows. 

Two grams of the sample are weighed into a 500-cc. Erlenmeyer flask and 
dissolved in 60 cc. of concentrated hydrochloric acid. When the sample is 
completely decomposed 10 cc. of concentrated nitric acid are added to ojudize 
the iron, tungsten, etc. The solution is evaporated to 10 cc.; 50 cc. of water 
are added; the contents of the flask are then transferred to a 500-cc. volumetric 
flask and cooled to room temixirature. A fresh solution of zinc oxide is added 
m slight excess, the contents of the flask diluted to the mark, well mixed, trans¬ 
ferred back to the original Erlenmeyer flask and allowed to settle. Filter 250 
cc. (equivalent to 1 gram of the sample) through a dry filter paper, transfer it 
to a 500-ce. flask, then add (i cc. of concimtratcd hydrochloric acid. 

The solution, which should now be between .300 and 350 cc. in volume, is 
heated to boiling and 10 ci;. of freshly prepared solution of nitroso-beta-naphthol 
(1 gram of salt to 10 cc. glacial acetic acid) are added for each 0.025 gram of 
cobalt present. Continue to heat for two minutes, remove from plate, shake 
well, and set aside until the bright red precipitate settles, which will only take 
a few minutes. Filter the hot solution and wash the fla.sk out with hot 1 :1 
hydrochloric acid and then wash the flask out with hot acid of the same strength. 
Wash the paper alternately with hot (1 : 1) hydrochloric acid and hot water 
until it has been washed five times with the acid, then wash ten times with hot 
water. The precipitate is transferred to a quartz or porcelain crucible, heated 
^ntly to expel the carbonaceous matter, then at a high temperature until ignition 
is complete. After cooling the crucible is weighed and the weight of the residue 
(CoaOd is multiplied by 0.734 to obtain the percentage of cobalt present. If 
desired the Co»0» may be reduced in hydrogen and weighed as metal. 

Sulphide Pyrophosphate Method (Dufty). Cobalt is precipitated as 
sulphide and this is converted to ammonium cobalt phosphate. The pre¬ 
cipitate is filtered and washed, then ignited and the cobalt weighed as pyro¬ 
phosphate. Traces of eobalt passing into the filtrate are recovered by pre¬ 
cipitation as sulphide, this is filtered off, ignited to oxide and added to results 
obtained. (Oxide is CojOi.) 
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Volumetric Methods for the Determination of Cobalt 

Perborate Method. Nickel and cobalt are oxidized to trivalent oxide or 
hydroxides by various oxidizing agents but neither the cobalt and nickel salts 
of the trivalent metals are stable. Both the trivalent hydroxides liberate 
iodine when treated with acids and potassium iodide and form the nickeious 
or cnbaltous salts, c.g., 

Co(OH)s+KI+;iHn=Co('U+I+KCI+3HsO. 

Cobalt is more readily oxidized than nickel and when oxidized, forms the 
more stable compounds. Cobultic hydroxide may be formed by treating the 
sulphate with potassium hydroxide and hydrogen peroxide while nickel is not 
affected even on boiling with these reagents. This i)roccdure, however, has 
not been satisfactory as a method of analysis on account of the difficulty of 
removing the excess hydrogen peroxide which persists in the precipitate even 
after boiling and prolonged washing. 

After some rather extended tests, W. D. Engle and 11. O. C.ustavson have 
found that the differential oxidatir)n may be very satisfactorily accomplished 
by means of sodium perborate in the presence of pota.ssiuin hydroxide and the 
excess of this oxidizing agent readily decoinpo.ses on boiling. Advantage is 
then taken of the reacti(jn .stated above and the iodine liberated is titrated 
with a standard sodium tliiosulphatc solution. 

Procedure. The ore, metal or other materi.al may be di.ssolved with acids 
or brought into solution by any of the usual methods and the metals of the 
(hi and Fe groups including mangnne.se removed in the usual way. The 
solution so obtained may contain nickel, cobalt, zinc and the metals of the 
alkaline and alkaline earth groups, but must lie free from any substances 
capable of liberating iodine from an acid solution of pota.ssium iodide. In 
some ca.scs, it is desirable to precipitate Fc by means of zinc oxide or zinc 
hydroxide emulsion, making up the mixture so obtained containing the emul¬ 
sion to a certain volume and after allowing the jirccipitatc to settle, filtering 
aliquot portions and treating as described. This solution with a volume of 
about 100 cc. is made acidified with dilute ILSOh using about 5 cc.’s excess 
(1 : 5) and then adding one or two grams of dry sodium perborate. Sodium 
hydroxide is added to a strong alkaline reaction. The mixture is boiled for 
ten minutes to decompose the exce.ss of perborate. This solution is then 
cooled to room temperature and after one gram of potassium iodide is added, 
acidified with dilute II2SO4 the potassium iodide slowly reduces the cobaltic 
hydroxide liberating iodine. Any attempt to hasten the determination at 
this point will cause low re.sult8 as cobaltic hydroxide itself is not reddily 
soluble and mu.st be reduced to the cobaltus form before going into solution. 
This reduction con.sequently takes place very slowly and care must be exer¬ 
cised to make certain that all the precipitate has been entirely dissolved before 
the titration is attempted. 
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After the complete eolution of the precipitate, the liberated iodine is titrated 
with standard solution of sodium thiosulphate, using starch paste as an indi¬ 
cator in the usual manner. 

As it is somewhat difficult to obtain cobalt compounds of known cobalt 
content, the sodium thiosulphate solution may be standardized by means of 
potassium bichromate in the usual manner and the factor for cobalt calculated 
from this determination. 

Since one KjCrjO? =61 = 0Co, then the potassium bichromate factor of the 
solution multiplied by 1.2027 gives its cobalt factor. 

General Procedure for Determining Nickel and Cobalt in 
Ores—Method of Schoeller and Powell' 

1. The ore ix free from copper, manganese, lime, and magnesia; presence of 
arsenic immaterial. Dissolve in nitric or hydrochloric acid or both, but convert 
metals into nitrates; take almost to dryness, avoiding separation of basic salts. 
Add tartaric acid (10 times the weight of trivalent metals) dissolved in a 
minimum of water. Add .50 cc. of strong ammonia whilst cooling, and 3 to .5 
gms. of solid potassium iodide according to the quantity of nickel or cobalt 
present. Allow to stand, stopi)ernd, with occasional shaking, for fifteen 
minutes, or longer if cobalt predominates. Filter on loo.se paper, wash with 
ammoniacal iodide solution (4 per cent of potassium iodide dissolved in 4 vol. 
strong ammonia: 1 vol. water). Dissolve precipitate in dilute hydrochloric 
acid, filter off ganguo, precipitate cobalt as phosphate, titrate nickel in filtrate. 

2. The ore contains copper, otherwise the same as 1 . Proceed as above to 
the point where the iodide precipitate is dissolved in dilute hydrochloric acid. 
Decolorize the li(iuid with sulphurous acid, heat just to boiling, allow to cool, 
filter off insoluble gangue and cuprous iodide, api)ly ))hosphatc .separation. 

3. General procedure for complex ores free from manganese. Dissolve in 
a suitable acid, precipitate heavy metals with hydrogen sulphide. To the 
filtrate add ammonium chloride and a slight exce.ss of ammonia; saturate with 
hydrogen sulphide, taking care to precipitate the whfjle of the nickel. Dissolve 
the precipitate in aqiui regia, evaporate almost to dryness, etc., as under 1. 

4. The ore contains mangarwse. (a) Huhordinate amounts. Apply one of 
the preceding methods; titrate cobalt ammonium phosphate with N/.5acid (not 
hydrochloric), or dissolve the weighed cobalt pyrophosphate in sulphuric acid. 
Determine the manganese colorimetrically with persulphate and silver nitrate 
in an aliquot portion of the cobalt solution, obtaining cobalt by difference. 

(6) Moderate to large amounts. Di-ssolve the mixed iodide precipitate in 
dilute acid, and precipitate nickel and cobalt sulphides from an acetic solution. 
Or n'eutralize the acid solution and precipitate cobalt and nickel as xanthates. 
Either prcci]>itatc is dissolved in agua regia and the two metals separated as 
before. . 

(c) With nickel ores free from cobalt, manganese does not interfere in the 
cyanide titration in the presence of citrate. 

* By W. K. Schoeller and A. R. Powell, The Analyst, Aug., 1919. 
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Ca, ttt.u>t, 63.57; *p.gr. 8.89^"°; m.p. 1083 (in air 1065); b.p. 2310; 
oxidea CujO and CuO. 

DETECTION 

Copper is precipitated in an acid solution by lIjS gas, along with the other 
members of the hydrogen sulphide group. The insolubility of its sulphide 
in sodium sulphide is a means of separating copper from arsenic, antimony, and 
tin. The sulphide di.ssolvoa in nitric acid (separation from mercurj') along with 
lead, bismuth, and cadmium. Load is precipitated as PbSO» by sulphuric acid 
and bismuth as the hydroxide, Bi(OH)j, upon adding ammonium hydroxide. 
Copper passes into the filtrate, coloring this solution blue, 

Cu(OH), • (NH.),SO.. 

Flame Test. Substances containing copper (sulphides oxidized by roasting), 
when moistened with hydrochloric acid and heated on a platinum wire in the 
flame, give a blue color in the reducing flame and a green tinge to the oxidizing 
flanna 

Wet Tests. Nitric acid dissolves the metal or the oxides (sulphides should 
bo roasted), forming a green or bluish-green solution. Ammonium hydroxide 
added to this solution will precipitate a pale blue compound, which dissolves 
in excess with the formation of a blue solution. (Nickel also gives a blue color.) 

Hydrogen sulphide passed into a copper solution which is free of SOj or 
an oxidizing agent, but somewhat acid with a mineral acid, precipitates at once 
brownish black CuS or CusS (distinction from nickel, cobalt and zinc), which 
is difliculty soluble in strong, hot IK'l (distinction from antimony), insoluble 
in fixed alkaline polysulphi(lcs (distinction from gold and platinum), soluble 
in alkaline cyanides (distinction from lead, bismuth, cadmium, mercury and 
silver), soluble in nitric acid (distinction from sulphide of mercury), with pro¬ 
duction of a bluish solution (distinction from all other metals except silver). 

Potassium ferrocyanide precipitates from an acid or neutral solution of a 
cupric salt reddish-brown cupric ferrocyanide, which can be confused only 
with similarly coloretl precipitates from molybden\im or uranium solutions. 

Cupric salts in halogen acid .solution are reduced to colorless cuprous com¬ 
pounds by metallic copper, stannous chloride and sulphurous acid; and in 
alkaline solution are reduced by grape sugar, arsenious or sulphurous acids. 

ESTIMATION 

The estimation of copper is required in the following substances; In ofea^ 

'Ores, copper pyrites, chalcopyrite, CujS-FeiSi; copper glance chalcocite, CutS 
(gray to bluish-black); malachite, CuC0s-Cu0H-H»0 (green); azurite, 2CnCOi — 
Cu()HjO (blue); cuprite, red copper, CujO; malaconite, CuO (black); dioptase, 
CuOSiOiHjO (green vitreous); atacamite, CuC1j3Cu(OH)j: bornite, CuiFeo»; brochan- 
•ite, 4 Cu 0-S0 j' 3H50; corellite, CuS; crysocolla, CuO-SiOj-2HiO; teirahedrite, 
4Cu^-SbiS»; termantite, 4CusS'As^i; olirenite, 4CuO-A8jO»-HiO. 

Chapter contributed by W. W. Scott and W. G. Derby. 
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0 / copper, in which it occurs as native copper or combined as sulphide, oade, 
carbonate, chloride, silicate and basic sulphate. In furnace sla^. matt^, 
concentrates, blister copper, bottoms. The determination of copper is re¬ 
quired in the analysis of alloys containing copper,' brass, bronze, etc. It is 
occasionally looked for as an undesirable impurity in food products. It is 
determined in salts of copper, in insecticides, germicides, etc. 


Preparation and Solution of the Sample 

Hydrochloric and sulphuric acids are effective in dissolving metallic copper 
only in presence of an oxidizing agent; nitric acid is the most active solvent. The 
oxides of copiier may lie dissolved in hydrochloric or sulphuric acid, but nitric 
acid is commonly used. Some refractory furnace products are with most 
certainty decornpo.sod by treatment with hytlrofluoric and fuming sulphuric 
acid followed by a bisulphate fusion. 

Ores. If the ore consists practically of a single mineral, the fineness of the 
sample need not exceeil SO mesh. If the ore is a mixture of minerals, lean and 
rich in copjier, the laboratory samjilo should pa-ss a 120-mcsh sieve. 

Metallic particles or mius.sos are separated at some stage in the process of 
sampling and made into a separate sample. If the metallic portion is a small 
percentage of the total sample and consists of particles, the copper value of 
which is known bi vary by a few iiercent, no attemiit is made to refine the sample 
of such, but a largo jxirtion, 10-100 grams, is taken for analysis and the copper 
determined in an aliipiot part of the solution. If the metallic ma.sses arc a large 
percentage of the sample, large of size, or consisting of particles differing widely 
in copper content, a wc'ighed amount of I to .W lbs. is melted in a graphite crucible, 
with addition of suitable fluxes, such as (xiwdcred silica or lime, if necessary. 
Separate samples are imule of the weighed products of the fusion and the copper 
content of the material before melting calculated from their analyses. The 
amount of sample taken for as.say depends upon the richne.ss of the ore, homo¬ 
geneity of the material and the commercial importance of the determination. 
As a rule in the assay for purchase and sale, a 1 gram test portion is taken 
of finely pulverized samples containing over 20% copper, 2 to 3 grams of 30% 
ores and .') grama of ores containing less than 10% copper. 

Sulphide Ores and Matte. One to five grams of the sample are dissolved 
by adding 10-20 cc. dilute nitric acid (1.2 sp.gr.), or 10 cc. strong nitric acid 
saturated with potassium chlorate, and allowing the mixture to stand in a 
warm place for about ir» minutes before applying heat. Decomposition is 
completed by evaporating to small volume in a casserole and continuing to 
dryness after addition of 10 cc. hydrochloric acid, or by adding fl-lO cc. 50% 
sulphuric acid, to the assay in a fhxsk or tall beaker and heating to fumes. 
Continuing the first procedure, the residue is taken up by warming with 20 cc. 
10% H»SOo diluting, boiling and filtering the re.sidue of silica, lead sulphate 
and silver chloride from the copper solution. Continuing the second proc^ure, 
the mass of anhydrous salts are dissolved with water, silver dissolved by just 
sufficient NaCl solution if the determination is to be by the electrolytic method, 
and the solution filtered; after it has reached room temperature when the 
per cent of silver present is high. 
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Oxidized Ores with the exclusion of details relating to the oxidation of 
sulphur are brought into solution by the same method of treatment as sulphide 
ores. 


Notes. The sulphur that appears ujwn adding acid to the ore, with proper 
precautions, should be yellow. If it is dark and opaque, the solution has been ovor- 
ncated, and some of the ore has Ixsen occluded. It is advisable in this case to remove 
the globule of sulphur and oxidize it separately with bromine and nitric acid, then 
boil out the bromine and add the solution to the rest of the sample. 

Sulphide ores may lx; treated according to the procedure recommended for iron 
pyrites in the chapter on >Sulphur, the ore being decomposed with a mixture of bro¬ 
mine and carlwn tetrachloride, 2 : 3, followed by nitric acid and then sulphuric acid. 

Treatment of Matte Slag. Only by quick quenching of the molten slag is 
decomposition of the sample by acids made possible, without preliminary 
treatment with hydrofluoric acid. As a rule lime slags are readily decomposed 
by mixed acids. lOxtrcmely acid, and high iron slags are apt to be refractory 
and are decomposed with most certainty by treatment with hydrofluoric acid 
followed by fu.sion with potassium bisulphate. 

The following scheme’ of attack, which also can be applied to silicious ores, 
with skilful manipulation gives very satisfactory results: 

One gram of the 100 mesh fine slag is placed in a 2.50 cc. beaker of Jena 
glass, moistened with water, mi.\ed with ;{ cc. of sulphuric acid (sp.gr. 1.54), 
and then, while the particles of the slag are in suspension through rotary 
movement of the beaker, 15 cc. hydrochloric acid arc added. The silica is 
gelatinized in 2 or 3 minutes by heating the beaker ov'cr a free flame. One cc. 
nitric acid followed by a few drops of hydrofluoric acid are added, and the 
heating continued in a hood until the material is nearly dry, and then to 
strong sulphuric acid fumes on a hot plate. When cool, 4 cc. of sulphuric acid 
are added. 

The remainder of the procedure depends upon the method that is to be fol¬ 
lowed in the determination of copjxT. If the electrolytic method is preferred, 
3 cc. of nitric acid are atld. fl; the mass heated until .solution is effected, the liquid 
diluted to 175 cc. with cold, distilled water, and copper plated out in 20-35 
minutes, using a rotating anode and 2^ amperes current. 

If the iodide method is to be followed, without addition of other acid than sul¬ 
phuric, the ma.ss is again heated to fumes. When cooled, 2.5-30 cc. water and 
6 cc. hydrochloric acid are added and the liquid boiled until clear. After addition 
of 40 cc. saturated solution of sodium acetate, 4J% solution of .sodium fluoride is 
added until the color of ferric acetiite is discharged, and then an excess of 10 cc. 
When cold, titration is commenced, using a thiosulphate solution with a copper 
equivalent of 0.0005 g. fier cc. 

The following quick method has been systematically and satisfactorily cheeked 
for a long period by a hydrofluoric acid-bisulphate fusion method, by which cop¬ 
per, precipitated as a sulphide, is ignited, the oxide dissolved in nitric acid and 
copper determined by electrolysis. 

Three grams of the 100 mesh fine sample are placed in an 800 cc. resistance 
beaker. The slag is spread over the bottom of the beaker, and while in motion 
5 cc. of sulphuric acid are added rapidly to prevent the slag gathering into a 
mass. After addition of 40 cc. hydrochloric acid, the beaker is heated over a 
bare flame for about 3 minutes until the silica has gelatinized. To the hot 
‘ White, Chemist Analyst, July, 1912. 
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solution nitric acid is added, drop by drop, until the liquid becomes dark 
brown. To the liquid, while in a state of agitation, 1-2 cc. hydrofluoric acid 
are added and the mixture boiled until the solution is complete. The liquid 
is diluted to 400 cc. ami saturated with hydrogen sulphide and the precipitate 
filtered and wmshod a.s usual. The copper sulphide is ignited in a silica crucible; 
the residue, if washing of the precipitate has been thorough, can be brushed 
into a 2.50 cc. beaker and dissoived with a few cc. of nitric acid. After boiling 
gently to expel nitrogen gases, the free acid is neutralized with ammonia, 
and the solution then acidified with a slight excess of acetic acid. The cold 
solution is titrated by the iodide method, using a thiosulphate solution having a 
copper c<iuivalent of about 0.0005 g. per 1 cc. 

Metals. A casting of a copper alloy and even of refined copper is not homo¬ 
geneous, and the zones of segregation of the constituents of the alloy (usually 
roughly parallel to the cooling surfaces) are the more sharply defined as the 
conditions which favor diffusion of the eutectic prevail, therefore, unle.ss the cast¬ 
ing be quite thin and quickly cooled, a satisfactorily representative sample of it 
cannot be obtained from a single drill hole. A single ca.sting may be sampled by 
complete cros.s-sectional cuts by a suitable saw or by a series of drill holes located 
in such a manner as to amount substantially to one or more cro.ss-sectional cuts. 
Steel is usually present as a contaminant of the drill or saw shavings from refined 
copper and tlie tougher alloys and should be removed by a magnet. Crude 
copper, such as blister or black copjxir, is sampled by drilling one hole in each 
piece of a definite fraction of the total pieces of the average lot. The position 
of the hole in successive pieces is changed to conform with a pattern or 
“ templet ” which will cover a quarter, or half, or the complete top surface of 
the average piece, the “ templet " is divided into squares, preferably about 1 inch 
on a side, and in the centre of each square the i-inch hole is drilled. The 
drillings are ground to pass a 20-raesh screen and the sample then withdrawn by 
means of a riffle sampler. 

Sampling by splashing a molten stream with a wooden paddle and by slowly 
pouring the metal into water are methods frequently practiced. The size of 
the part,ides, the degree of homogeneity and the limit of accuracy of result 
required are factors which determine whether one or more grams of the sample 
should bo taken fur analysis. 

Iron Ores and Iron Ore Briquettes. A 5-gram sample of the finely 
divided ^material is fused in a large platinum dish with 40 grams of pure potas¬ 
sium bwilphatc. If the ore is high in sulphur, it should be roasted by heating 
to redness in a silica or porcelain crucible before placing in the platinum dish 
and mixing with the bisulphatc. 

The cooUhI fusion is bn>ken up into small pieces and placed in an 800-cc. 
beaker with clock-glass cover. Threci hundred cc. of hot water and 25 cc. of 
strong hydrochloric acid are a<ldcd and the fusion is boiled until it passes into 
solution. If an appreciable residue renrains, the solution is filtered, the residue 
fused with additional bisulphate, then dissolved in hot dilute acid and the 
filtrate added to the first solution. Silica and barium sulphate remain in the 
residue. 

The solution is now reduced and copper precipitated according to directions 
given under “Separation of Copper by Precipitation in Metallic Form by a 
mote Positive Element,” aluminum powder being preferably used. 
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The precipitated copper is filtered free from iron and other commonly 
occurring impurito, then dissolved by pouring on the precipitated metal 30 
cc. of hot dilute nitric acid, 1:1, followed by 10 cc. of bromine water and then 
10 cc. of hot water. The filter paper is removed, ignited and the ash added to 
the copper solution. The whole solution is now evaporated to small volume 
and determined, preferably, by the “Potassium Iodide" method as described 
under the volumetric procedures. 

Steel, Cast Iron, and AUoy Steels.* From 3 to 5 grams of steel, depending 
upon the amount of copper present, are dissolved in a mixture of 60 cc. of 
water and 7 cc. of sulphuric acid (sp.gr. 1.84) in a 250-cc. beaker. After all 
action has ceased, a strip of sheet aluminum, IJ ins. square, bent so that it will 
stand upright in the beaker, is placed in the solution. 

After boiling the solution for twenty to twenty-five minutes, which is suf¬ 
ficient to precipitate all of the copper in the sample, the beaker is removed 
from the heat and the cover and the sides washed down with cold water. The 
liquid is decanted through an 11-cm. filter, the precipitate wa-shed three times 
with water, then placed with the filter in a 100-cc. beaker, and 8 cc. of con¬ 
centrated nitric acid and 15 cc. of water are poured over the aluminum and 
the solution heated to boiling. This hot solution is poured over the precipitate 
and filter in the lOO-cc. beaker, and boiled until the paper becomes a fine pulp, 
only a few minutes being required. The solution is filtered, the residue wash^ 
several times with hot water and copper determined in the filtrate by the 
electrolytic or iodide methods. 


SEPARATIONS 

Separation of Copper as Cuprous Thiocyanate. Isolation of copper from 
solutions containing iron, nickel, cobalt, zinc, cadmium, arsenic, antimony and 
tin may be accomplished by this method. When much arsenic is present, 
precipitation should be from a solution in which hydrochloric is the only free 
strong acid. Unless previously removed from the .solution, lead, mercury, 
tellurium and the precious metals will contaminate the precipitate. Selenium 
may be a contaminant when present in considerable quantity, sometimes 
when the only free acid is sulphuric, always when hydrochloric acid is pre.sent. 

Cuprous thiocyanate, besides being the medium of separation of copper 
from interfering elements preliminary to its determination by the standard 
electrolytic, iodide or cyanide methods, is the basis of a number of other more 
or less useful gravimetric and volumetric methods of determining copper. 
The details of tlie procedure of procuring the precipitate vary to some extent 
with its object. 

When the intention is to .secure in the precipitate substantially all the 
copper from the solution, the procc<lure in the main is as follows: To the cold, 
concentrated and very slightly acid copper solution which must Ije free of any 
oxidizing agent, sulphur dioxide, gaseous or in .solution, or a solution of an 
alkaline bisulphite or metabisulphite is added somewhat in excess of the 
quantity theoretically required to reduce all the copper and ferric iron present, 
or until saturation of the liquid with SO 2 . 

' W. B. Price, Jour. Ind. Eng. Chem., Vol. 6, No. 2, p. 170. 
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Cool the liquid if hot through the formation of HsSOj, and add then with 
constant stirring a solution of alkali thiocyanate of about normal strength 
until precipitation ceases. Reaction is 2CuiS04 + 2KCNS + HjSOs* 2Cu- 
CN8+2 Hj 80 <+KjS 04. It is common practice to continue introduction of 
SO2 throughout precipitation. Let the precipitate stand until it is white 
and the liquid above it is clear. The pre.scncc of FcS()4 accelerates conversion 
of cupric to cuprous thiocyanate when sulpliuric is tlie only free acid. Filter 
with the aid of reduced pressure through doubled filter papers of tight texture. 
Wash with cold water until a wasliing is obtained which gives no or very slight 
indication of thiocyanate when tsted with a ferric salt. 

The precipitate is inclined to flout and creep with the capillary film of 
fluid, BO i)recautions must be taken in its manipulation to avoid loss of copper 
on account of this characteristic. 

The collected precipitate may now be treated in several ways which will 
produce a solution fit for tlu; determination of copper by one of the standard 
methods, (rt) 'I'ransfcr the filt(ir and precipitate to a porcelain or silica cruci¬ 
ble which is very much larger than the volume of the wet precipitate, dry 
slowly in an oven or muffle ami finally incinerate. Sf)me ojicrators made the 
final washing with 20% alcohol to facilitate ilrying or with a weak solution 
of an alkali nitrate to aid incineration. Dissolve the residue in the crucible 
with hot, strong nitric acid. (/>) The point of the filter is punctured and the 
precipitate washed with as little water as possible into a flask or tall beaker. 
The filter is finally cleansed of ailherent precipitate by washing with dilute 
nitric acid. The filter is dried, incinerat(al and dissolved separately or added 
to the main precipitate Iwforc its decoiiqiosition. Add 1.5 cc. strong nitric 
acid for each gram or fraction of a gram of copper present and let the covered 
beaker or funnel-closed flask stand in a warm place until the precipitate is 
dissolved, then boil until solution is free of the nitrogen gases. It is the 
practice of some to add now 10-15 cc. sulphuric acid ami evaporate to fumes. 
Because evolution of gas during dissolution of the i)recipitatc is profuse, care 
must be taken to expel the gas slowly to iirevent boiling over. 

The method as described is rather tedious in its operation and therefore 
is commonly curried out with modifications which may include: Employing a 
mixture of the precipitating ami reducing agents (for instance, 25 grams 
alkali thiocyanate witli an eciual or larger amount of alkali bisulphite in a liter 
solution); quickening settlement of the precipitate by letting the assay stand 
in a warm place or even bringing th(! fluid to boiling; filtering through asbestos, 
alundum or porous stoneware; washing with hot water. Some of these modi¬ 
fications yield a certain amount of copper to the filtrate because of the appre¬ 
ciable solubility of cuprous thiocyanate in warm or hot water. Consistent 
with the value of the determination, the amount so di.ssolved is disregarded, 
accounted for by an empirical correction, or recovered by expelling SOj and 
con'centrating filtrate and washings by boiling, precipitating with HjS and 
determining copper, usually by a colorimetric method. 
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Separation of Copper by Precipitation in Metallic Form by a More Posi¬ 
tive Element Metallic aluminum or zinc is more commonly used in this pro¬ 
cedure. A strip of pure aluminum or zinc, placed in the neutral or slightly 
acid solution, causes the complete deposition of copper. To obtain quick 
precipitation, a sheet of aluminum, 2.5 by 14 cm., is bent to form a triangle, 
placed in a covered 150 cc. beaker containing the copper solution, wliich should 
be not much over 75 cc. in volume and should hold about 10% free HsS 04 . 
Boil 7-10 minutes. (Low, “Technical Methods of Analysis.”) The copper is 
removed mechanically from the displacing metal and dissolved in nitric acid 
and then estimated, or the aluminum may be dissolved with the copper. 

A method of precipitation by means of powdered aluminum is recom¬ 
mended especially for separation of copper from large amounts of iron, iron 
ores and iron ore briquettes. The solution of the bisulphate fusion of the iron 
ore is heated until bubbles appear over the bottom of the containing beaker. 
Aluminum powder is now added in small portions at a time, in sufficient quan¬ 
tity to reduce the iron, the solution becoming colorless. The solution is now 
heated until the aluminum completely dissolves. Metallic copper is precipi¬ 
tated. It is advisable to add 25 cc. of water saturated with HjS gas to pre¬ 
cipitate traces of copper in solution. The solution is filtered while hot through 
a close thick filter, and washed six times, keeping the residue covered with 
water to prevent oxidation by air. The copper is now dissolved in hot dilute 
nitric acid, evaporated to small volume and determined by the procedure 
preferred. The potassium iodide method gives excellent results. 

Separation of Copper from Members of the Ammonium Sulphide and 
Subsequent Groups by Precipitation as Copper Sulphide in Acid Solution. 
The solution containing free hydrochloric or sulphuric acid is saturated with HjS 
gas,* the precipitated copper sulphide (together with the members of the group), 
is filtered and washed, first with water containing HjS and finally with a little 
pure water. The residue is dissolved in nitric acid and the resulting solution 
examined for copper. 

Removal of Silver. This element is precipitated as the insoluble chloride, 
AgtJl, by addition of hydrochloric acid, and may be removed by filtration, copper 
passing into the filtrate. 

Removal of Bismuth. Upon adding ammonium hydroxide to a solution 
containing copper and bismuth the latter is precipitated as Bi(OH)a and may 
bo removed by filtration. Copper passes into the filtrate as the double ammo¬ 
nium salt. Ammonium carbonate or potassium cyanide may be used instead 
of ammonium hydroxide. 

Removal of Lead. Lead is precipitated by sulphuric acid as PbSOa and 
may be removed by filtration, copper passing into the filtrate. ^ 

Removal of Mercury. The sulphide of mercury remains undissolved when 
the precipitated sulphides are treated with dilute nitric acid, copper sulphide 
dissolving readily. 

Removal of Selenium and Tellurium. Selenium can be eliminated from a 
copper solution by evaporating .several times to dryness with hydrochloric acid. 
Saturation with SOi of a slightly acid sulphate of copper solution which con¬ 
tains about twice as much .silver as selenium and boiling then to expel most of 
the gas, will precipitate .selenium and tellurium free of copper, also nearly 
all the silver. Precipitation of the remainder of the silver as AgCl helps to 
retain the fine precipitate on the filter. 
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Removal of Anenic, Antimony, Tin, Selenium and Tellurium. Copper in 
minor quantity may be separated from these elements by passage of HjS into 
the solution made slightly alkaline with sodium hydrate; after addition of 
about a gram of tartaric acid if iron is present. Copper sulphide remains 
insoluble also when the mixed sulphides precipitated from an acid solution 
are treated with a hot mixture of sodium sulplude and hydrate. These 
elements in minor quantity, whose presence in the electrolyte for copper 
determination is an objectionable impurity, arc removed very satisfactorily 
by adding enough ferric iron to the solution to make the total iron present 
about twenty times that of the combined impurity, making ammoniacal and 
filtering after settling. Some cojjper is retained in the precipitate. Moderate 
amounts of arsenic may be eliminated as arsenious fluoride by the method 
employed to expel silica from an assay. Oxidizing agents must not be present. 

In an alloy tin and antimony may be prccii)itated as oxides by evaporation 
of the solution of the alloy with strong nitric acid. A slight amount of copper 
may remain insoluble. 

Separation from Cadmium. The sulphides in a solution of dilute sul¬ 
phuric acid, 1 :4, are boiled and 11,8 gas passed in for twenty minutes, the 
solution being kei)t at boiling tem))eraturo. Cadmium sulphide dissolves while 
copper sulphide remains unaffected. The solution is filtered hot, the air above 
the filter l>eing displaced by (X), to prevent oxidation. Traces of cadmium are 
removed by repeating the oiieration. (Method by A. W. Hofmann.) 
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GRAVIMETRIC METHODS 
Methods of Isolating Copper 

Separation of Copper as Cuprous Thiocyanate. Isolation of copper from 
solutions containing iron, nickel, cobalt, zinc, cadmium, arsenic, antimony 
and tin may be accomplished by this method. When much arsenic is present, 
precipitation should be from a solution in which hydrochloric is the only free 
strong acid. Unless previously removed from the solution, lead, mercury, 
tellurium and the precious metals will contaminate the i)rccipitate. Selenium 
may be a contaminant when present in considerable quantity, sometimes 
when the only free acid is sulphuric, always when hydrochloric acid is present. 

Cuprous thiocyanate, besides being the medium of separation of copper 
from interfering elemente preliminary to its determination by the standard 
electrolytic, iodide or cyanide methods, is the basis of a number of other 
more or less useful gravimetric and volumetric methods of determining copper. 
The details of the procedure of procuring the precipitate vary to some extent 
with its object. Low grade copper ores may be conveniently determined by 
this method. 1 

Procedure. To the cold, concentrated and very slightly acid copper 
solution (which must be free of any oxidizing agent) sulphur dioxide, gaseous 
or in solution, or a solution of an alkaline bisulphite or metabisulphite is 
added somewhat in excess of the quantity theoretically required to reduce all 
the copper and ferric, iron present. 

The liquid is cooled if hot, and then, with constant stirring, a solution of 
alkali thiocyanate of about normal strength is added until |)recipitation ceases. 
Reaction: 2 CuS 04 +2KCNS + ILSO,+ILO= 2Cu(;NS + 2 HjS 04 -|-KjSOi. It 
is common practice to continue introduction of SO 2 throughout precipitation. 
The precipitate is allowed to stand until it is white and the liquid above it is 
clear. The presence of l''eS ()4 accelerates conversion of cupric to cuprous 
thiocyanate when sulphuric is the only free acid. The precipitate is filtered 
off with the aid of reduced pressure through doubled filter papers of tight 
texture and washed with cold water until a washing is obtained which gives 
but very slight indication of thiocyanate when tested with a ferric salt. 

The precipitate is inclined to float and creep with the capillary film of 
fluid, so precautions must be taken in its manipulation to avoid loss of copper 
on account of this characteristic. 

The Collected precipitate may now be treated in several ways which will 
produce a solution fit for the determination of copp<‘r by one of the standard 
methods, (o) The filter and precipitate are transferred to a porcelain or silica 
crucible which is very much larger than the volume of the wet precipitate, 
dried slowly in an oven or muffle and finally incinerated. Some operators 
made the final washing with 20% alcohol to facilitate drying or with a weak 
solution of an alkali nitrate to aid incineration. The residue is dissolved in 
the crucible with hot, strong nitric acid. (6) The point of the filter is punctured 
and the precipitate washed with as little water as possible into a flask or 
tall beaker. The filter is finally cleansed of adherent precipitate by washing 
with dilute nitric acid. The filter is dried, incinerated and dissolved separately 

* With high grade ores or copper bullion a trace of copper (usually less than 0.0005 
g. Cu) will pass into the filtrate when the copper precipitated amounts to 0.5 gram Cu. 
The loss with low grade copper ores is negligible. 
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or added to the main precipitate before its decomposition. 16 cc. strong 
nitric acid is added for each gram or fraction of a gram of copper present 
and the covered beaker or funnel-closed flask allowed to stand in a warm 
place until the precipitate is dissolved, then boil until solution is free of the 
nitrogen gases. It is the practice of some to add now 10-15 cc. of sulphuric 
acid and evaporate to fumes. Because evolution of gas during dissolution of 
the precipitate is profuse, care must be taken to expel the gas slowly to prevent 
boiling over. 

Separation of Copper by Precipitation in Metallic Form by a More Positive 
Element. Metallic aluminum or zinc is more commonly used in this procedure. 
A strip of pure aluminum or zinc, placed in the neutral or slightly acid solution, 
causes the complete deposition of copier. To obtain quick precipitation, 
a sheet of aluminum, 2.5 by 14 cm., is bent to raise the metal from the bottom 
of the beaker, placed in a covered 150 cc. beaker containing the copper solution, 
which should be not much over 75 cc. in volume and should hold about 10% 
of free HjS 04 . ^ Boil 7-10 minutes. The copper is removed mechanically 
rom the displacing metal and dissolved in nitric acid and then estimated. 

A method of precipitation by means of powdered aluminum is recommended 
ispccmlly for separation of coi)per from large amounts of iron, iron ores and 
roll ore briquettes. The solution of the bisulphate fusion of the iron ore is 
mated until bubbles appear over the bottom of the containing beaker. Alu¬ 
minum powder is now added in small portions at a time, in sufficient quantity 
Jo reduce the iron, the solution becoming colorless. The solution is now 
mated until the aluminum completely dissolves. Metallic copper is precipi¬ 
tated. It IS advisable to add 25 cc. of water saturated with II 2 S gas to pre- 
npitate traces of copper in solution. The solution is filtered while hot through 
i close thick filter, and washed six times, keeping the residua covered with 
water to prevent oxidation by air. The coiiper is now dissolved in hot dilute 
nitric acid, evaporated to small volume and determined by the procedure 
preferred. The potassium iodide method gives excellent results. 

Occasionally the aluminum lies inert in the solution. If this occurs, two 
or three drops of hydrochloric acid (do not u.so much) will start a vigorous 
action and cause a rapid precipitation of metallic copper 
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Deposition of Metallic Copper by Electrolysis 

The electrolytic method of determining copper is the most accurate of the 
gravimetric mcthcxls. This deposition may conveniently be made from acid 
solutions containing free nitric or sulphuric acid) or from an ammoniacal solution. 



Pig. 27.—Terminal Case Showing Battery of Electrodes for Electrolytic JJeposition 

of Copper. 

The end sought by this method is to plate out all, except a trace, of tjie 
copper in the form of an evenly distribuU^d, firmly adherent, very finely crystal¬ 
line deposit, which is free from a weighable amount of impurity. 


17 





1S6 


COPPER 


In ores, mattes, alloys (from which lead has been removed as the sulphate 
by taking the solution to fumes with sulphuric acid) deposition by electrolysis, 
from a solution containing free sulphuric acid, is convenient. On the other 
hand, deposition from a nitric acid solution is advantageous under conditions 
where this reagent has been u.sed as a solvent and evaporation with sulphuric acid 
is unnecessary. This is the case in the analysis of certain alloys and the deter¬ 
mination of copper from which impurities have been largely removed. A 
chloride in an acid solution gives rise to a spongy depo.sit of copper, and en¬ 
dangers a solvent action on the anode and deposition of platinum on the 
cathode. 

Conditions other than the presence of precipitable impurities, which affect the 
character of the deiwsit are—quantity and concentration of copper, size and 
shape of electrodes, current density, uniformity of distribution of current to the 
cathode, volume, temperature and rate of circulation of the electrolyte, and 
concentration of oxidizing agents such as nitric acid and ferric salts. Inas¬ 
much as the change of one condition limits or makes possible or necessary a modi¬ 
fication of others, a large numlicr of practicable combinations of conditions are 
IxjBsible. For discussion of these conditions reference is made to articles by 
Blasdalo and Cruess, Jour. Am. (Ihcm. Soc. Oct. 1910, 1264; and by Richards 
and Bisbee, Jour. Am. Ohem. Soc., May, 1904, 530. 

By the feature of rate of deiX)sition, electrolytic methods may be classified 
as “ slow ” or “ rapid.” The slow methods, with 12 to 24 hour periods of elec¬ 
trolysis, are practiced when extreme accuracy is required, or when the distribution 
of laboratory lalxir and time allowed for completion of the a-ssays permit 
their economical employment. The electrolyte is a solution of sulphate salts of 
the metals present, ammonium sulphate or nitrate, and a quantity of free nitric 
acid, which varies with the amount of copper and ferric salts present, and the 
current density employed. I'lie oxidizing effect of nitric acid is intensified by the 
presence of ferric ions.* Electrolysis is carried out at room temperature, at cur¬ 
rent densities varying from NU/100,0.15 to O.ffanqxires; and deposition on plain, 
corrugated, slit or perforatt^d platinum cylinders from 0.75 to 2 in. diameter 
having 50 to 200 cm. depositing surface. A jicrforated cylinder permits freedom 
of circulation betwinm the two surfaces of the electrode, the moat even distri¬ 
bution of current density, and proiltices the must uniform coating of the foil. 
On account of the effect on the character of the deposit by oxygen lodging 
in regions of the cathode where the current density and circulation is least, the 
anode should be of such a form that all the gas liberated will be in the zone of 
maximum circulation. To procure uniform Iwhavior under given conditions the 
size and shajie of the electrolytic beaker should lx; such as to present the smallest 
practicable volume of electrelyte l)ctwcen the outer surface of the cylinder and 
the inside of the beaker. An unclosed seam or rivetted joint in a negative 
electrode will hold tenaciously salts which require extreme care to remove. It is 
probable that such recesses retain traces of the electrolyte underneath the coat¬ 
ing of copper. 

Rapid methods have a tendency to procure high results, resolution and 
mechanical loss through misting having been prevented. Deposition is hastened 
by increasing the rate of circulation and the current density. Circulation is 

* Larison, Eng. and Min. Jour. 84, 442. Fairlie and Boone, Elect and Met. Ind. 

6 , 88 .) 
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promoted by the use of the gauze cathode,* by rotating either cathode,’ or by 
placing the vessel, containing the solution and electrodes, in a field of electro¬ 
magnetic force.* Quick deposition of a quality satisfactory for some classes of 
work is brought about by increase of current density upon an electrolyte heated 
to 50® to 80° C. In all the -quick methods, the progress of electrolysis should be 
watched, and the cathode removed as soon ns completion of deposition is de¬ 
tected by the evolution of gas about its surface. The completion of action is 
ascertained with greater certainty by addition of water to the electrolyte and 
observing whether the newly exposed surface of the cathode remains bright. 
When the electrolyte is hot or has a high acid content, detachment of the cathode 
should be preceded by removal of the electrolyte and simultaneously washing 
the cathode without interruption of the current. A .syphon may lx; employed, 
water being added us the liquid drains from the beaker until the acid is removed. 


RAPID METHODS 

Rapid Deposition of Copper—Solenoid Method of Heath ■* 

The solenoid is made by winding 500 turns of No. 1.3 H and S gauge magnet 
wire upon a copper cylinder 2J in. in diameter, .31 in. high, in. thickness of 
metal. The cylinder is 
brazed water tight at the 
bottom to a 5j in. disc of 
^ in. soft steel. In this 
disc is a 1-in. hole for the 
ins(!rtion of a rubber i)lug, 
through which glass tubes 
may be inserted for iidet 
and outlet of air or water 
to cool the electrolytic 
beaker. A steel disc of 
the same size as the bot¬ 
tom and with an opening 
to fit is brazed to the top 
of the cylinder. The sole¬ 
noid thus made is suitable 
for a .300 cc. lipless Ixiaker 
4J in. high and 2\ in. 
diameter. The solenoid 
coil may be in series in the 
electrolytic line or excited 
separately 



Sotanoid 
of ihe. 


for Rotation 
Electrolyte 

Kic. 28. 


The negative electrode is of gauze 40 meshes per linear Inch, with a depositing 
surface of 100 cm. and is .slit to permit ciuick removal from the electrolyte. 

> Stoddard, Jour. Am. Chem. Soc., 1!)09, 385. Price and Humphreys, Jour. Soc- 
Chem. Ind., 1910, 307. _ 

* Gnit. and Min. Jour., 89, 89, 1910. » i rtu 

»FHry, Jour. Am. Chem. Soc.. Nov., 1907, 1592. Heath, Jour. Ind. B.ng. Chem., 

Feb., 1911, 74. 

‘ Heath, Jour. Ind. Eng. Chem., Feb., 1911, 70 
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Procedure. Five grams of the thoroughly cleaned copper sample are dissolved 
in the covered electrolytic l)eaker on a steam plate with 40 cc. of stock acid solu¬ 
tion composed of 7 parts (1.42 sp.gr.) nitric acid, 10 parts sulphuric acid (1.84 
sp.gr.) and 25 parts by volume of water. The temiierature during the solution 
is kept just below the boiling poirlt, 50 cc. of the .stock solution is used for copper 
containing 0.03 to 0.1 per cent of arsenic, 60 cc. for material containing 0.11 to 
0.5 per cent arsenic. The electrolyte is diluted to 120 cc. A current of 4.5 
amperes is used for the electrolysis and the same amount employed to excite the 
solenoid. During the deixKsition a double pair of watch glasses cover tightly 
the beaker until the color of the electrolyte fades out, when they are rinsed and 
removed. Twenty minutes later and thereafter at 5 minute intervals, a test 
for completion of deposition is made by withdrawal of 1 cc. onto a porcelain 
tile and treating with a few drops of freshly prepared hydrogen sulphide water. 
This test will detect the prc.scncc of 0.000005 g. coi)per or more remaining in 
the solution. The determination is coin[)letc in two and a half hours. Ex¬ 
tremely accurate rcsidts are obtained when the electrolyte is kept very cold 
by circulation of water about it and when the cathode is withdrawn within 
5 minutes after completion of deposition. 

In the assay of casting copper, in case the dei)osit is evidently impure, the 
cathode may be stripped by treatment with .50 cc. of the stock solvent and then 
reptatod under the conditions described. 


N<ots. Thea<lvantago of the solenoid over any mechanical device for the rota¬ 
tion of oleotTodm is due to the i.mvention of loss by spraying from the anode, as the 
beaker can be covered with a double pair of wat ch glasses ’ 

^•sults ranwi from 0.003 to 0.01 per cent higher than the author’s slow method of 
and IS due to platmuni from the anode, which is corroded by 
the innuencti of houit lUiHceut nitrous hokI and high current. 


Deposition from Nitric Acid Solution. The solution should not contain 
owr 2-3 cc. of free concentrated nitric aiud. If more than this is present, 
the solution is evaporated to (‘xiiel most of the acid, the remainder neutralized 
With ammoma and the requisite amount of nitric acid added. The solution is 
diluted to 100 cc., warmed to 50” or 60” C. and electrolyzed with a current of 1 
amiiere and 2-2.5 volts. Two hours are sulficient to deiiosit 0.3 gram copper Since 
the hot acid acts vigorously on copper, it is nece.ssary to wash out the acid from 
the beaker before breaking the current. (See method for copper in allovs 
page 207.) ’ 


Deposition from an Ammoniacal Solution. Ammonium hydroxide is 
added to the solution containing coiiper until the precipitate, first formed dis¬ 
solves. Twenty to twenty-five cc. of ammonium hydroxide (sp.gr 0 96) are 
required for 0.5 gnun copinir or 30-35 cc. for 1 gram. Three to four grams 
of ammonium nitrate are added and the solution electrolyzed with a current 
of ND/100”2 amperes. The electrodes are wiushed, without breaking the 
current, until tho ammonia and nitrate are reinoviKl. 

Lead, bismuth, mercury, cadmium, zinc and nickel should be absent from 
the ammoniacal solution. Arsenic is-not deiiosited. Unless a very pure platinum 
anode is u^, platinum may contaminate the deiwsit appreciably. Jena or other 
brand of zinc borate resistance glass should not be used for the electrolytic beaker. 
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SLOW METHODS 

Electrolytic Determination of Copper in Blister Copper 

The sample should l)e no coarser than 20 mesh. Because fine particles are 
comparatively poor in copper, extreme care must be taken in drawing the 
portion for analysis to preserve the ratio of the coarse to fine. Some analysts, 
to avoid sampling error, sieve the coarse from the 40 or 60 mesh fine and either 
make a separate analysis of each weighed product, or weigh into a single test 
the due proportion of each. Others draw a large portion, by means of a riffle 
(I'’ig. 29) or similar sampling device and from its solution in a volumetric flask, 
pipette an aliquot part equivalent to one or more grams. 

By the small portion method insoluble matter must la* removed by filtration. 
When the sample contains an insignificant quantity of insoluble matter, the prac¬ 
tice is to deposit the silv(;r with the copper and 
make a correction for its jwescnc^e in accordance 
with the result of the silver assay f)f the sample. 

By the large iM)rtion method, insoluble 
matter and silver, as silver (4dorid(% is removed 
from the electrolyte by sediiiu-ntation in the 
volumetric flask. 

Procedure. Small Portion Method. The 
coarse and fine portions are (juartered down 
to convenient amounts and from these a 5- 
grarn composite weighed, which contains the 
coarse and fine portions in ratio of their per¬ 
centage weights. The sample is placed in a 
.'5.50-cc. tail-form lieaker, without lip and with 
flaring rim. Fifty ec. of chlorine-free, stock 
acid solution (16 j)arts nitric and .5 parts sul¬ 
phuric acids) are added, the Ix'aker covered 
with a funnel (stem up), which just fits in the 
rim, and the mixture heated gently at first and 
finally to boiling. When the sample has 
dissolved, 6 cc. saturated solution of am¬ 
monium nitrate are added and the sample diluted to 2(M) cc. wdth water. 

When the electrolyte has cooled to room tcmfierature the electrodes are intro¬ 
duced, the beaker covered with split watch glas.ses and electrolysis started with a cur¬ 
rent of .05 ampere and continued until the appearance of the ft)U indicates that the 
silver has deposited. The current is then raised to ND/TOO — ./fi ampere and this 
continued for twenty to twenty-two hours, or until the appearance of gas about Jhe 
negative electrode indicates that deposition of the copiier is practically complete. 
For the unexperienced a simple method is to add a little water to the electrolyte 
without breaking the current and after 15 minutes to observe whether any depo¬ 
sition or copper takes place on the freshly exposed surface. The watch glasses and 
electrode stems should be rinsed when the electrolysis has continued 16-16 hours. 



Fia. 29.—Riffle Sampler. 
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Procedure. Large Portion Method.' The sample is quartered by a 
riffle sampler (see Fig. 29) to an amount very close to 10 grams. This quan¬ 
tity is weighed and transferred by a paper chute into a 2000 cc. flask, which 
has been calibrated by the method of repeated delivery at constant temperature, 
of a 60 cc. overflow, dividing pipette (see Fig. HO). The liquid employed in cali¬ 
brating is a copper solution of the same composition as that for which the 
flask is to be used. A cold mixture of 80 cc. sulphuric acid (sp.gr. 1.82) and 
200 cc. nitric acid (1.42) with 500 cc. of water is added. A standard solution 
of sodium chloride is added in sufFicient quantity to precipitate the silver, care 
being taken to add less than 20% excess. A bulbed condenser tube is placed 
in the neck before putting the flask on a hot plate. 

Tho solution is gradually heated to boiling and when the solution is nearly 
complete, boiled g(mtly for one hour. This generally completely dissolves the 
copper present. Residues of lead, tin, silver, or silica if present in appreciable 
amounts arc separated at this [mint liy filtration. 

When tho solution in the flask has cooled for half an hour, water is added 
to a little above the 2(K)0-ee. mark, giving tho flask a rotary motion, during 
the addition, to mix the solution. The flask is ])laccd in a large tank. Fig. 30, 



Fia. 30.—Constant Tcm})eraturo Bath and Dividing Pipette. 

containing water and allowed to remain until it becomes of the same temperature 
os the water and very close to that of the room. The solution is then made 
exactly to the mark and allowed to settle, after thorough mixing, by placing 
the flask again in the water tank. 

' W. C. Ferguson, Jour. Ind. and Eng. Chem., May, 1910. 
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Electrolysis. Portions equivalent to 2 grams of sample are measured out 
by means of a dividing pipette, with water-jacket through which 
the tank-water flows. The solution is run into glasses, hydro¬ 
meter-jar in shape, with concave bottoms, height of glass, 6i ins., 
diameter ins., Fig. 31. Each portion is treated with 6 cc. of 
a saturated solution of ammonium nitrate and diluted to 125 cc. 
with water. (NHiNOi or (NH4)jS04 delays deposition of As and 
Sb until electrolyte is freed from Cu.) The electrolyte, at this 
stage, contains about 3.7 cc. of nitric acid. 

The copper is deposited by electrolysis, using a current of 
.33 ampere per 100 sq.cm., which is kept constant until deposi¬ 
tion is complete, about twenty hours. It is advisable to begin 
Fig. 31. the electrolysis in the evening, 5 p.m. The following morning, 
the inside of the jar, the rods of the electrodes, and the split 
watch-glasses which cover the jar are rinsed with a spray of water into the 
gla.ss and the run continued for two or three hours. Each electrode is quickly 
detached from the binding posts, the cathode plunged into cold water, then 
successively into three jars of 95% alcohol, shaken free of adherent drops and 
dried by revolving rapidly over a Bunsen flame for a few seconds after ignition 

of the film of alcohol. , -.i 

The weighing of foil plus the deposit is made with as little delay as possible. 
Determinatioa of the Copper Remaining in the Electrolytes. Since the 
exhausted electrolyte seldom contains over 0.01% copper, this residual copper 
can be closely estimated by observation of the depth of the sulphide precipitate. 
Should circumstances be such that the quantity be more than can be estimated 
by the appearance of the sulphide precipitate and a determination without 
rerun is necessary, the precipitate is filtered, incinerated, c i.ssolvcd with a 
little hot IINOs, made ammoniacal and after settling, filtered through ft»^8tos- 
The color of the solution is compared with a standard solution treated wit 
the same amount of reagents as the sample, care being taken that similar 
conditions prevail when making comparison. 



Notes and Precautions 

the Deoosits 'I'he ideal dqiosit is of a .salmon-pink color, silky 

at the commencement or took,w a curnm of oxidation or a low 

iisu.ally shows a red tint and shaded deposit indicates the pres- 

result because of detachment jf jt js mu) 0 .ssiblo to complete the electrol- 

ence of impurUy in shouM Impurities such as 

ysis without this appearance , . • j \oiiuri„m may occur in the blister copper, 

arsenic, antimony, bismuth, jpoosit is dissolved very slowly from the 

A d’ark colored but .f^Sv hSg for"al houS^with aUt 6(^70 

foil, m a covered electro ytic jar, hy « > when the solution 

cc. of a solution containing 2 cc. f . Five cc. saturated 

is complete the temperature nira.^ to ex,^ cc. When 

ammonium nitrate solution is ^^d a a ine^^.^^ out under the same conditions as 
cTOled to rixim temperature, same foil, if arsenic or antimony is the interfering 

that of the ticst de^it and ■ _ lellurium has been the contaminating element. 

. S£rS.”.“C~id»«y ij U,. nua™ Of U,. «». ..d 

ta, 2 Itak, 10 /.Ulphud. ^ 
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and the liquid evaporated to fumes to expel nitric acid. From this solution cupiws 
thiocyanate is precipitated according to the method described on 153. The. 
funnel containing the filter is placed in a SOO cc. flask with long neck, the filter is pic¬ 
tured and the precipitate wusIuhI into the flask with the least quantity of water mesibl^ 
the adherent precipitate is dissolvwl from the filter with warm dilute mtnc acid, added 
cautiously to avoid violent evolution of gases from the dissolvini; precipitate in the 
flask. Itie washwl filter is iiuiiierated and the solution of its ash by nitric acid added 
to the electrolyte after completion of eh^ctrolysis. When solution of the precipitate 
is complete, the licjiiid is boiled to small volume, ncutraliiicd, imd 5 cc. ammonium 
nitrate solution and 3 cc. excess free nitriii acid ailded. The liquid is transfered to an 
electrolytic jar and electrolysis carried out in the manner already de^ribed. 

The amounts of bismuth, arsenic, aniimony, selenium or tellurium usually found 
in blister copper may he siqmralcd together with iron present by addition of ammonia 
to a pipetted portion. The filtcrccl prccinitale is purified of copper by solution with 
nitric acid anil reprccipitation. The comnined filtrates arc neutraliml, 3} cc. of free 
nitric acid added and the solut ion electrolyxcd under the conditions already described. 
The nitric acid solution of the incincratcil filter, carrying the iron, etc., is added to the 
electrolyte, after electrolysis is complete, for del ermination as undeposited copper. 
The undeposited copper is determined colorimetrically by one of the procedures outlined 
on pages 10.5, 106 or 107. 

The deposited coptier is never absolutely pure. The total impurities seldom ex¬ 
ceed 0.03%. Ag from O.OOO to 0.18%; As from O.IMK) to 0.003%; Sb from 0.000 
to 0.004%; Se and Te from O.tXll to 0.027%; Bi from 0.000 to 0.0003%. Periodical 
oompleto analyses may be made and corrections apiilicd to the analysis when e.x- 
ceedingly accurate jiorceiitagcs are required. 

Too low a current density or excessive oxidising jiower of the electrolyte may pro¬ 
duce high results, duo to the oxidation of the deposited copper. Too high a current 
density or a deficiency of oxidizing power in the electrolyte, by causing a deposition 
of imiiurities, will give high results. 

Tno electrodes useil by the Nichols Copiier Co. arc straight platinum wires for 
the positive ends and cylinders Ij in. long, 1 in. in diameter of O.IX)4 in. irido- 
platmum foil, 11^ sq. in. deiiositing surface, tor the cathodes. 

A uniform current is rs.sential. 

The nitric acid used shouhl be free of iodic acid. 

The nrcHi^nce of oxide of nitrogen gases, or a chloride in an acid solution, will cause 
a coarsely crystalline or brittle de|x>sit, under conditions which in their absence would 
produce a g<«>d plating. The deiswit moreover may contain platinum from the an:;de 
if the electrolyte contains a chloride salt. 

Silver may be dcixisiteil with the copjsir and correction mode for its presence from 
the result of a separate assay. Copiier dcisisits in (loor form, unless the silver be first 
plated out at a very low current density, about O.IKi Amp. NDiw. 

Solid matter, unless rcinovtxl, will contaminate the deposit mechanically. 

Arsenic, antimony, selenium or tellurium have an influciK^e on the ph.V8icol eharacter 
of the deposit which may affect the copper result beyond the sum of such impurities 
deposited. 

Whether impurities an- deposited or not, apiireeiably high results arc obtaineil by 
continuing clectroly.sis for some lime after the electrolyte has become impoverished 
of copper. 

Overheating of the coppi'r dejsisit, in the process of ignition of the alcohol clinging 
to the cathoiie, will caust; oxidation of the eopisT. .As much aa possible of the alcohol 
mast bo shaken off Is'fore passing the electrode rapidly through the flame. It is advis¬ 
able to weigh the copjwr shortly after deiSKsition. as prolonged contact with air is unde¬ 
sirable, if extreme accuracy is desired. 

The copper deposits may Ixi removed by plunging the electrode, for a few moments, 
in hot nitric acid. After washing with water, the foil is ignited to a cherry re<l in a 
direct colorless flame. The ignition removes any grease which would be objectionable, 
that may contaminate the platinum. .Alcohol frequently contains oily matter which 
wiU ding to the electrode in spite of the rapid ignition for drying the deposit. 
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VOLUMETRIC METHODS FOR THE DETERMINATION 

OF COPPER 

Potassium Iodide Method 

The procedure depends upon the fact that cupric salts when treated with 
potassium iodide liberate iodine, the cuprous iodide formed being insoluble in 
dilute acetic acid. 

Reactions. 2 CuS 04 + 4 KI = Cu 2 lj+ 2 K 2 S 04 +Ii, 

or 2Cu(C2H,02),+4KI=Cu2lji +4KCjH,02+l2. 

The liberated iodine is titrated with standard thiosulphate. 

2 Na 2 S 203 +l 2 = Na2S,Oa+2NaI. 

The method is extremely accurate. Only a few elements interfere, such 
as selenium, trivalent arsenic, antimony and iron. lycad, mercury and silver 
increase the consumption of potassium iodide, but otherwise interfere only 
because of the color of their iodides. No free iodine is consumed by these. 

N/10 solution contains 24.82 grains Na2S203.5H»0 per liter. According to 
the reaction above, 1 cc. of this will be equivalent to 0.0003r)7 g. Cu. 

If a solution is desired so that 1 cc. = 0.001 g. Cu, dLssolve 3.92 grams of 
the Na 2 S 203 . 5 H 20 crystals per liter (24S.2-^()3.f)7). If a 0.5 gram sample is 
to be taken, it is convenient to have the reagent of such strength that 1 cc. is 
equivalent to 0.005 g. Cu .so that 1 cc. is equivalent to 1% Cu. 3.92X5= 19.6 
grams of thiosulphate crystals are reiiuircd. The addition of 2-4 grams 
NaOH per liter is claimed to preserve the solutions. 

Standardization. Copper Method. If either a N/IO reagent or the one 
containing 19.0 grains of the salt are being standardized, weigh 0.2-0.25 gram 
of pure copper (electrolytic) (not over 0.1 gram should be taken for the weakest 
solution) Dissolve the copper in about 5 cc. of nitric acid (in a flask or a 
covered beaker), boil to cxiicl brown fumes, dilute to about 50 cc., add ammonia 
in slight excess (10-12 cc. is generally sufficient), boil until the odor of ammonia 
is faint and add 5 cc. glacial acetic acid, or sufficient to make the solution 
acid (test with litmus) and again boil for about one minute. Cool and add to 
the cold solution 6 cc, of a .50% potassium iodide solution or about 3-4 grams 
of the solid, and titrate with the standard thiosulphate reagent. The iodine 
that is liberated (see reaction above) colors the .solution brownish; on addition 
of the thiosulphate the color fades; when the brown color has become faint, 
add starch solution and complete the titration adding the thiosulphate until 
the blue color (lilac at end) fades out with an added drop of the reagent. 

Divide the weight of copper taken by the cc. of reagent required and the 
result is the weight of copper represented by one cc. of the reagent. An 
exactly N/10 solution is eqiiiv.alcnt to 0.0063.57 g. Cu. 

Standardization with Permanganate. The reagent may be standardized 
against N/10 potassium permanganate or a permanganate solution whose iron 
equivalent is known. To about 40 cc. of the N/10 permanganate solution 
add 6 cc. of the potassium iodide (.50%) reagent and titrate the liberated iodine 
in presence of acetic acid exactly as is described above. 1 cc. of N/10 per¬ 
manganate should equal 1 cc. of the N/lO thiosulphate. Establish its normality 
by converting the permanganate to exact cc. in normality equivalent and 
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dividing the cc. by the cc. of thiosulphate required. If preferred, multiply 
the iron equivalent by — 1.139 to get the copper equivalent. 

Procedure for Copper in Ores 

Solution of the Sample. Weigh 0..'5 gram of the powdered ore (if a N/10 
thiosulphate reagent is to be used, the factor weight 0.636 gram of ore is 
convenient so that 1 cc. of the reagent is equivalent to 1% Cu). Dissolve in 
10 cc. hydrochloric acid and 5 cc. nitric, heating gently to effect solution, 
adding more of the acids if necessary. Add 10 cc. of sulphuric acid and 
evaporate to fumes. Heat until any free sulphur that precipitates disappears. 
Allow to cool. Dilute with 30-40 cc. of water, heat to boiling and keep hot 
until ferric siiliihatc has dissolved (copper will all be in solution). Filter 
into a small beaker and wash the residue at least si.\ times with hot water, 
using small iwrtions at a time. The volume of the RItrate need not exceed 
75-100 cc. This contains all of the cojjiKjr. 

Precipitation of Metallic Copper. Place in the beaker containing the 
copper solution a i)ieco of heavy slieet aluminum (1.5 inches square) or a 
bent strip of aluminum bent in form of a triangle, or add 1-2 grams of pure 
granulated alutniuum. If a sheet is used, bcTid the corners at right angles 
so it will not lie flat in the beaker. (Tlie sheet may l)e used repeatedly as it 
is not attacked to any grcjit extent by the nitric acid subsequently used). 
Heat the solution to boiling (b(!akor covered) and keep at this temperature 
for about 10 minutes. All of the copper will precipitate an equivalent amount 
of aluminum dissolving. If the action is sluggish, add 2 or 3 drops of hydro¬ 
chloric acid. Wash down the cover and sides of the beaker with hydrogen 
sulphide water. (This precipitates any trace of copper in the solution and 
prevents oxidation of the co))pcr.) 

Isolation of Copper. Decant the solution through a filter and rinse the 
metallic cop|X!r into the filter with a jet of the hydrogen sulphide water, 
leaving the aluminum as clean as )K)ssiblc in the beaker. Save this. Wash 
the precipitate 6 limes with hydrogen suliihide wash water, allowing to drain, 
but following up immediately with more solution, until the washing is complete. 
(Copper will oxidise if allowed to stand exjHjscd to the air. Hence the washing 
should be completed ns soon lus possible.) 

Solution of the Copper. Punch a hole in the filter and wash the copper 
into a beaker with a jet of water, using as little as possible. (If much copper 
is present, open the filter on a watch glass and wash the precipitate into a 
beaker. Again fold the filter and place in the funnel over the beaker.) Pour 
6 c». of strong nitric acid over the aluminum which still contains a little of 
the copper. When all of this has dia.solvcd, pour the nitric acid solution over 
the filter, catching the acid in the beaker containing the bulk of the copper. 
(Removing the beaker, place the one containing the foil under the filter.) 
Cover the beaker containing the copper and boil until the metal is in solution 
and again place under the filter funnel. Wad the filter paper loosely in the 
funnel. Pour over this filter 5-10 cc. of bromine water, catching the solution 
in the beaker containing the copper; this should impart a yellow color to the 
copper solution. Wash the filter 6 times with water, pouring the water first 
into the beaker with the aluminum and from this over the wadded filter. 



COPPER 


193b 


Concenteation. Boil the combined solution down to about 25 cc. The 
bromine will be expelled. Add a small excess of ammonia; the free acid is 
neutralized and the solution smells of ammonia. Again boil to expel the 
excess of ammonia. The solution should still smell faintly of NII3. Add 
glacial acetic acid until slightly acid (litmus test); 5 cc. should be sufficient. 
Cool thoroughly. 

Potassium Iodide Treatment and Titration with Thiosulphate. To the 
cold solution add 5-6 cc. of 50% solution of potassium iodide and titrate the 
liberated iodine with standard thiosulphate until the brown color has become 
faint, add starch and complete the titration. 

1 cc. N/10 Na 2 Sj 03 = 0.00636 g. Cu. 

Note. Since a yellow color may be due to other causes than to free iodine, it is 
advisable to make a preliminary titration by adding the starch indicator before starting 
titration with thio.sulphate. In a check run the starch is added upon neutr^izing the 
greater part of the free iodine. This precaution prevents overrunning the endpoint, 
which one is apt to do when depending upon a color change of iodine brown to yellowish 
brown due to a trace of free iodine. 

Short Iodide Method for Copper 

The method takes advantage of the repression of ionization of iron by 
addition of potassium fluoride to a neutral or acetic acid solution containing 
the ferric salt. Ag, As, Bi, Cd, Co, P'e, Ilg, Mn, Mo, Ni, Pb, Sn, U, Zn do not 
interfere. Cr forms an insoluble sulphate, which holds Cu, hence avoid using 
IIjSOi. V interferes. 

Procedure 

Decomposition. 0.5 to 1.0 gram of the material is decomposed by 10-15 
cc. hydrochloric acid and 5 cc. nitric acid and warming. When the action 
has ceased, 5 cc. of sulphuric acid arc added and the solution taken to strong 
fumes. (In presscnce of chromium the sulphuric acid is omitted, the solution 
being taken to near dryness, 10 cc. more HCl is added and the evaporation 
repeated to expel IINO3.) 30 cc. water are now added to the cooled solution 
and the solution boiled to dissolve any salt that has crystallized out. 5 cc. 
bromine water are added to oxidize any arsenic or antimony that may be 
present and the excess expelled by boiling. 

Ammonium hydroxide is now added until the solution shows an alkaline 
reaction, the odor of ammonia being evident in the solution. The mixture w 
now acidified with glacial acetic acid (.5-10 cc. should make the solution 
decidedly acid). Two grams (approximately 2 cc.) of solid potassium fluoride 
are now added to precipitate iron, additional fluoride may be necessary if the 
supernatant solution is colored by iron. The solution is boiled for a minute 
or so and then cooled under the tap. 

To the cold solution 5 cc. of a 50% solution (or its equivalent of 2 g. of KI) 
of potassium iodide are added, together with 5 cc. of starch solution. 

The liberated iodine is now titrated with 0.1 N thiosulphate, to the point 
where one drop destroys the blue color. It is advisable to add 1-2 cc. more 
of potassium iodide, and if a blue color results, to add more of the thiosulphate 
until the color is destroyed. 

1 cc. 0.1 N NajSjO,-0.00636 g. Cu. 

Note. The additional iodide is occasionally necessary owing to its consumption 
by Go, Ni, U, Mo, Pb, etc. 
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Potassium Cyanide Method 

This procedure is largely employed on account of its simplicity, although 
it does not possess the degree of accuracy of the Iodide Method. The procedure 
depends upon the decoloration of an ammoniacal copper solution by potassium 
cyanide. 

The ofjerations of the standardization of potassium cyanide and of making 
the assay should be as near alike as possible. If iron is present in the assay 
it should be added to the standard copper solution titrated, in order to become 
accu.stomed to the end-point in its presence. 

iSilver, nickel, cobalt, cadmium, and zinc interfere and should be removed 
if present in appreciable ({uantities. Precipitation of metallic copper by alumi¬ 
num powder, as directed under Separations, is recommended as a procedure 
for iron ores and briquettes. In presence of smaller amounts of iron, the titra¬ 
tion may be made in presence of iron suspemded in the solution. It is not 
advisable to filter oft this precipitate, ns it invariably occludes copper. With 
practice, the shade of color the iron precipitate assumes at the end of the reac¬ 
tion serves ns an indicator, so that the operator is assisted rather than retarded 
by its presence. * 

2 Cu(NII,).S 04 H. 0 -f 7 KCN = 

K.NH.Cu.(CN),-t-NH,CNO+2K,SO.-f6NH.-|-H.O. 


Standard Potaaaium Cyanide Solution.. Thirty-five grams of the salt are 
dissolved in water, then diluted to KkX) cc. 

Standardization. 0.5 gram of pure copper is dissolved in a fla.sk by warming 
with 10 cc. of dilute nitric acid (sp.gr. 1.2), the nitrous fumes expelled by boiling, 
the solution neutralized, diluted and titrated as directed under Procedure. 
If iron is present iu the samples titrated, it is advisable to add iron to the 
standard copper solution as directed above. 


_ 0.5 

c(^. K('N solution 


=wt. Cu per cc. of standard KCN. 


Procedure. The solution containing the coppiir is neutralized with sodium 
carbonate or hydroxide, the reagent teing added until a slight precipitate forms. 
One cc. of ammonium hydroxide is now added and the solution titrated with 
standard potassium cyanide solution. The blue color changas to a pale pink; 
finally a colorless solution is obtained. In presence of iron, when the copper 
is in excess of the cyanide, the inm precipitate possesses a purplish-brown color, 
but, as this excess lessens, the color becomes lighter until it is finally an orange 
brawn, the solution appearing nearly colorlass. The reagent should be added 
from a burette drop by drop as the end-point is approached. 

Cc. KCN X factor petr cc. =» weight Cu in assay. 

'Sutton, “Volumetric Analysis.” Davies, C. N., 58, 131. J. J. and C. Beringer, 
C. N., 49, 3. Dr. Steinbeck, Z. a. C., 8, 1; C. N., 19, 181. 
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VOLUMETRIC METHODS BASED UPON THE PRECIPITA¬ 
TION COPPER AS CUPROUS THIOCYANATE 

Iodide Method* 

A thiocyanate salt is oxidized by a series of reactions which when completed 
has this form: 4CuCNS+7KI03+14HCl = 4CuS04+7KCl+71CH-4HCN 
+ 5 H 2 O. Other cyanate than copper, lead and antimony must be absent 
from the precipitate of cuprous thiocyanate. Thi.s precipitate together with 
the filter paper is placed in a 250 cc. glass stoppered bottle and 5 cc. chloroform, 
20 cc. water and 30 cc. concentrated hydrochloric acid added. 

A certain amount of standard potassium iodate solution (11.784 grams 
KlOa per liter, 1 cc. = 2 milligrams copper) is added from a burette. When the 
bottle is thoroughly shaken, a violet color appears in the stratum of chloroform 
which may increase in depth of tint and then fade witli each addition of iodate 
solution. Disappearance of color determines the end point. The KIOj solu¬ 
tion is very stable. The same layer of cliloroforin can be used for successive 
determinations by decanting only the liejuor carrying the paper pulp. The 
immediate coloring of the chloroform on addition of a precipitate to the bottle 
is due to the reaction with residual ICl and has no harmful effect on the deter¬ 
mination. 

Permanganate Method’* 

Although this method is based upon the.se reactions: CuCNS-hNaOH 
= CuOH-(-NaCNS and 5 H(!NS-|- 6 KMn 04 -|- 41 I«S 04 = 3 X 2804 + 0 MnSO 4 
+ 5 HCN+ 4 H 2 O, solution of the copper salt by the method of manipulation 
and possibly inconipletion of oxidation make.s necessary the use of an empirical 
factor. Theoretically the iron value multiplied by 0.1897 gives the copper 
value of permanganate. By this method tlie Fe to Cu factor may be from 
0.192 to 0.2. The thiocyanate precipitate is decompf)sed on the filter with 
boiling 8% NaOH. The filter is washed with hot watt r. After making the 
filtrate acid with dilute If,i804, titration of the solution to permanent tint is 
made with standard KMn 04 .solution having a strength of 1 cc. c(|uivalcnt to 
about 1 mgm. copper. 

' Jamieson, Levy and Wells, Jo. Am. Chem. Soc., May, 1908, p. 700. i’ricc and 
Meade, “Technical Analysis of Brass,” Sec. Kd., p. 84. 

’ Is)W, “Technical Methods of Analysis.” Chapter on Cop|X!r has table of empirical 
factors, compiled by G. A. Guess. 
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Demorest's Method ^ 

Precipitation of cuprous thiocyanate is from a nearly boiling 75-100 cc. 
Wutir containing a.mnoniu.u sulphate about 3 pams ammonium tartrate 
and J cc. free nulphuric acid. 5% solution of sodium sulphite is first added 
then slowly, with stirring .5% soliitinn of potassium thiocyanate. The coagu¬ 
lated precipitate is collected from the hot liquid in an asbestos lined Gooch 
crucible and washed thoroughly. The precipitate is decomposed in the 
crucible by pouring on it hot, 10% NaOH. The residue of CuOH in the 
crucible is waslicd well with hot water. 

The alkaline filtrate is warmed to 50° C. and a few cc. of standard perman¬ 
ganate solution introduced. At 10 or 5 cc. intervals during the titration, a 
drop of the green solution is placed on a parafined white plate together with a 
drop of strong hydrochloric acid. When the red color of this te.st drop becomes 
faint on addition of a drop of a 10% solution of TeCU, 30 cc. of 50% H2S04 are 
added and the flask shaken until all the MnOz is dissolved. The characteristic 
end point will appear on addition of very little more permanganate. This 
method has the merit of not requiring an empirical factor, the copper value 
of the permanganate being 0.1S97 times that of the iron. 


Volhard’s Method 

The copper is precipitated with a standard solution of alkali thiocyanate. 
After filtering and washing the iireciiutate free of reagent, the excess is titrated 
with standard silver nitrate solution. 


Qarrigue’s Method 

The precipitate of cuprous thiocyanate is collected in a Gooch crucible, 
decomposed in a cinsserole with an excess of hot, standard NaOH. The cuprous 
hydrate formed is filtered, washed and the excess alkali titrated with standard 
HCl. The reactions are: CuCNS-l-NaOH = CuOH-l-NaCNS and NaOII 
-|-HCl = NaCl + H,0. 

>Jo. Ind. and Eng. Chem., Mar., 1913, p. 215. 
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COLORIMETRIC DETERMINATION OF SMALL AMOUNTS 

OF COPPER 

Potassium Ethyl Xanthate Method 

The method is based upon the fact that potassium ethyl xanthate produces 
a yellow-colored compound, with copper. The reagent added to a solution 
containing traces of copper will produce a yellow color varj-ing in intensity in 
direct proportion to the amount of copper present. Larger amounts of copper 
with the reagent pro<luco a bright yellow precii)itate of copper xanthate. Small 
fluantities of iron, lead, ni(!kel, cobalt, zinc, or mangano.s(! do not interfere. The 
l)rocedure is especially valuable for determination of the purity of salts crys¬ 
tallized in copper pun.s. 

Special Solutions. Stock Solution of Copper Sulphate. 3.S)2.S3 grams 
C'uSCL ■ 5HjO are dissolved in water and made up to a volume of UKK) ce. One 
cc. is equivalent to 0.001 gram Cu. 

Standard Copper Sulphate. Ten cc. of the .stock .solution are diluted to 1000 
cc. with distilled water. One cc. =0.(XKK)1 gram Cu. 

Potassium Ethpl Xanthate Solution. One gram of the salt is (Iksolvcd in 
1000 cc. of water. The solution is kept in an andjer-colorwl glass-stoppered 
bottle. 

Procedure. Five grams of the substance are dissolvwi in 00 cc. of water 
(.see note) and the .solution poured into l(K)-cc. .\essler tube; 10 cc. of the potas¬ 
sium xanthate reagent are added and the solution mixed by means of a glass 
plunger. To a similar tube containing 50 or 00 cc. of wattT are added 10 cc. 
of the xanthate reagent and then gradually drop by drop the standard copper 
solution from a 10-cc. burette (graduated in cc.) until tlie colors in both 
tubes match. 

If 0 = grams of the substance taken for analy.sis. number of cc. standard 
copper solution required to match the sample; then 5XO.OO(X)I XlOO^a =% Cu. 

Notes. The amount of the substance to be taken varies according to its co))per 
content. The greater the copi)er contamination of the salt, the less sample required. 

The solution should be neutral or only very slightly acid. 

In place of the Nessler tubes the special colorimetric apparatus dcsciibed under 
Titanium and under Lead may be used. A vciy weak cojjiasr standjird will be 
required for the comi>nriaon tube. 

If the substance is insoluble in water the copper is rendered soluble by treat¬ 
ment with nitric acid. Hydrochloric acid is added and the nitric exiiclled by evapo¬ 
ration. 'I’hc substance is taken up with water and the insoluble residue filtered off. 

Starch and organic matter are destroyed by addition of 10 cc. 10% soilium 
hydroxide-1-10 cc. of saturated sodium nitrate solution, then evaporating to dryness 
and igniting. Hydrochloric acid is now added to expel the nitric acid as directed 
above. 

In dealing with a flotation concentrate containing oil, the sample should be taken 
to fumes with nitric acid, otherwi.se the color is apt to lie green instead of hlue.—C. V. 
Pfoutz. 
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Ferrocyanide Method for Determination of Small Amounts 

of Copper 


By this colorimetric method it is possible to detect one part of copper in 
2 5(X) 00(J parts of water. The procedure depends upon the purplish to chocolate* 
brown color produced by potassium ferrocyanide and copper in dilute solutions. 
The procedure is applicable to the determination of copper in water and may 
be used in presence of a number of elements that occur in slags. Iron also 
produces a coVoted compound with ferrocyanide (1 part P’e detected in 13 million 
parts H,0), so this clement must be removed from the solution before testing 
/or copper, 

Solutiona. Standard Copper Solution, 0.393 gram CuSO< -5HjO per liter. 

1 CO. •‘0.0001 gram Cu. 

Ammonium Nitrate. 100 grams of the salt per liter. 

Potassium Ferrocyanide. Four grams of the salt per 100 cc. of solution. 
Procedure. A volume of 5 to 20 drops of potassium ferrocyanide, accord¬ 
ing to the amount of copper present in the solution, is placed in a tall, clear, 
glass cylinder or Nessler tube of 150 cc. capacity, 5 cc. of ammonium nitrate 
solution added and then the whole or an aliquot portion of the neutral ^ solution 
of the assay. The mixture is diluted to 150 cc. The same amount of ferrocyanide 
and ammonium nitrate solutions are prmred into the comparison cylinder, placed 
side by side with the one containing the sample, on a white tile or sheet of white 
paper. The standard copjmr solution is now run from a burette into the 
comparison cylinder, stirring during the addition, until the color matches that 
of the assay. The number of cc. rtiquired multiplied by 0.0001 gives the weight 
of cupper in the sample contained in the adjacent cylinder. 


Amount of ('uX 100 
Wt. of samplt! compared 


= % (hi in the sample. 


Notes. The solution must lie neutral, as the copiier compound is soluble in ammo¬ 
nium hydroxide and is denom(M>scd by the fixed alkalies. If the solution contains free 
^kalics, it is made slightly aiad and then the acid neutralized with ammonia, added 
in slight oxcc^. This is boiled to cxiiel the excess of ammonia, and then tested accord¬ 
ing to the directions under “ Procedure.” Solutions containing free acids are neu¬ 
tralised with ammonia. 

Iron may bo removed by prcciiiitation with ammonia. As this hydroxide occludes 
copper, the prccqiitate should be dissolved and reprccijiitated to recover the occluded 
copper. 

Determination of copper in water is accomplished by evaporating a quantity 
of water to dryness, taking up the residue with a little water containing 1 cc. nitric 
acid, the residue having liecn ignited to destroy organic matter, precipitating iron 
with ammonia, as directed almve, and determining copper in the filtrate. 

TJhe colorimeter used in determination of traces of lead and for the colorimetrio 
determination of titanium may Im employed in place of the Neasler tubes. 


Ammonia Method for Determining Smali Amounts of Copper 

In the absence of organic matter, nickel and elements giving a precipitate 
with ammonia, copper to an upper limit of 10 milligrams can be determine by 
comparison of the depth of the blue tint of its ammonium solution with a tern- 
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porary or permanent standard copper solution of equal volume. Because 
copper in ammomacal solution combines with the cellulose of filter paper, 
clarification of such a solution should be through asbestos. Permanent 
standard solution of copper sulphate, free of nitrate, if kept cool and away 
from the direct sunlight, lasts for a long time.* 


Hydrogen Sulphide Method 

In the absence of elements precipitated by hydrogen sulphide, copper to the 
limit of about 1 milligram, in a solution not too strongly acid with sulphuric or 
hydrochloric acid, may be determined by comparison of its sulphide with that of 
a known quantity of copper in equal volume and similarly treated. The liquid 
should be cold and the passage of the hydrogen sulphide stopi^ed Ijcfore the 
compound coagulates. 

Note. Either the ammonia or the hydrogen sulphide method is applicable to the 
determination of the copper not deposited in the operation of the electrolytic method. 


DETERMINATION OF IMPURITIES IN BLISTER AND 
REFINED COPPER 

Introduction. In the complete analysis of copper the following impurities 
are generally estimated: silver, gold, lead, bismuth, arsenic, antimony, selenium, 
t(“llurium, iron, zinc, cohalt, nickel, oxygen, sulphur, and less commonly, tin 
and phosphorus. In high grades of blister and in refimsl copper tlic percentage 
of those impurities is very low, the blister coi)i)cr usually averaging over !W.0% 
copper with silver and the refined copper over 1)9.93% of the metal. The principal 
impurity in the refined element is oxygen, wliich may bo jjrescnt to the extent 
of .02 to .ir)%, the remaining impurities l>eing in the third decimal place. 
From this it is readily seen tliat large sampl<« are required for the ^ accurate 
determination of these constituents. Tlie amount of sample taken in blister 
copper depends upon the grade of copj)er analyzed. Tlie impurities in this 
vary from tenths of a per cent to thousandtiis, as the metal from one locality 
may contain quite appreciable amounts of a constituent, which may he present 
only in extremely small quantities or not at all in copper from a different section. 
In usual practice it is customary to take from 10 to 50 grams of blister and 50 
to 500 grams of refined copper for analysis, dcijending upon the i)urity of the 
material. If a larger sample than ,50 grams is taken, it is necessary to divide 
the material into scv(^ral lots, and, after removal of the bulk «)f copfMir and isola¬ 
tion of the impurities, to combine the filtrates or residues containing tho con¬ 
stituents sought. 

In the procedures the smallest amount of sample, 10 grams, is taken m 
the basis of calculation for amounts of reagents used. For larger samples, in 
the initial treatment for removal of copper, proportionately larger amounts of 
the reagents are required, i.e., multiples of from 2 to 5 times the amount stated. 
A 50-gram sample is the largest amount of material handled in one lot. 

Scrupulous care must be exercised throughout the analysis to prevent con- 

• Heath, Jour. Am. Chem. Soc., 19,21. 
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tamination of the sample or reagents, and to avoid loss of constituents. The 
reagents used should be free from the substance sought or from interfering sub¬ 
stances. It is the practice to carry blank tests of the reagents through under 
conditions similar to a regular analysis for iron, lead, zinc, arsenic antimony and 
sulphur. 

It is found best to determine the imimritics in several portions, i.e., gold 
and silver by as.my; bismuth and iron in one portion; lead, zinc, cobalt, and 
nickel in a second; arsenic, antimony, selenium, and tellurium in a third; and 
separate imrtions for sulphur, oxygen, phosphorus and tin, when these are 
occasionally required. 

Oetermination of Bismuth and Iron 

Separation of Copper. Amount of Sample. Blister copper 10 to 25 grams, 
refined copper 100 to 600 grams. The drillings are dissolved in a large beaker 
%in 40 cc. of nitric acid per 10-gram sample and the free acid expelled by boiling. 
The solution should not become basic during the evaporation. Water is added 
to make the volume 1.30 cc. per 10 grams or proportionately more for larger 
samples. Ammonia is now added in sufficient excess to hold the copper in 
solution and 5 cc. of saturated ammonium carbonate solution and the sample 
diluted to 200 cc. (25 cc. (NH4)2CO« per 50 grams, and dilution to 1000 cc.). 
The beaker is placed on the steam batli for several hours, preferably over night. 
The solution is filtered hot (to avoid crystallization of the copper salt), the first 
100 cc. being refiltered, and the residue washed with hot water containing a 
little ammonia. By this procedure tlie copper passes into the filtrate and 
bismuth and iron remain in the residue on tlie filter. 

Separation of Iron and Bismuth. The precipitate is dissolved in warm, 
dilute hydrochloric acid (1 : 3), ammonia added to the solution in sufficient 
amount to almost neutralize the acid and the solution tlien .saturated with hydro¬ 
gen sulphide. After settling some time, the precipitate containing bismuth sul¬ 
phide is filtered off, iron passing into the solution. 

Oetermination of Iron. Hydrogen sulphide is expelled by boiling the 
filtrate, and iron oxidized by addition of hydrogen peroxide, or potassium 
chlorate (nitric acid should not bo u.sed). The solution is evaporated to dry¬ 
ness and iron tlxm determined in the nssiduo by the stannous chloride method, 
details of which may bo found in the chapter on Iron, page 257. 

Determination of Bismuth. Tlie sulphides remaining on the filter are 
dissolved in nitric acid, the solution evaporated with 8ul]ihuric acid to SO, fumes 
to expel nitric acid, the concentrate diluted with water, and lead filtered off. Bis¬ 
muth is precipitated in the filtrate by addition of ammonia in slight excess, 
foMowed by 10 cc. of a saturated solution of ammonium carbonate, and boiling. 
The precipitate is settled for several hours or over night if preferred, and then 
separated by filtration. This is now dissolved in the least amount of nitric 
Mid, added to the filter drop by drop from a burette and bismuth determined 
in the solution by the cinchonine iodide method, given in detail in the chapter 
on Bismuth, page 77. 

Notos. An excess of ni^ic acid, or the presence of cadmium, lead, silver, or 
hydroohlorio acid interferes with the colorimetric procedure. 

In analysis of refined copjjor several 50-grara portions are taken for analysis, 
ten such portions on a 600-gmm sample; the filtrates, obtained upon disMlving the 
residue freed from copper, are combined and bismuth and iron oetermined on this 
combined solution. 
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Determination of Lead, Zinc, Nickel, and Cobalt 

Removal of Copper. Ten to 25 grams of blister copper, and 100 to 250 
grams of refined copper in 25-gram portions are taken for analysis. The metal 
is dissolved in nitric acid (40 cc. per 10 grams) and the solution boiled until 
a faint green precipitate begins to appear on the surface of the solution. 
The free acid being expelled, the solution is made faintly acid by adding 1 to 
2 cc. of nitric acid, the solution diluted 300 to 7(X) cc., according to the amount 
of copper taken, and then electrolyzed with a current of 1.5 to 2 amperes for 
thirty-six hours, with a spiral anode and a cathode with about 100 cm. depositing 
surface. The solution should remain slightly acid throughout the electrolysis, 
otherwise cobalt, nickel, and zinc may bo precipitated as hydroxides from a 
neutral solution. When the copper is nearly removed, tlie clectroiles are dis¬ 
connected, and removed. 

The solution is concentrated by boiling, a few crystals of oxalic acid addedj^ 
and the anode (which may be coated with PbO,) immerscMl in the hot solution 
for a few minutes, then rinsed off into the solution. 

Separation of Lead. The solution is evaporated to small volume, about 
40 cc. of dilute sulphuric acid (1:1) arc added and the mixture evaporated 
to SO. fumes. The cooled concentrate is diluted with 1(X) cc. of water and 
again evaporated to fumes. About 300 cc. of water added ami when the soluble 
salts have dissolved, the soluthm is filtercil and the residue, PbSO,, washed. 

The filtrate contains Zn, Ni, Co, etc. 

Determination of Lead. The residue, PbSO,, is dissolved by successive 
treatments with ammonium acetate and hot winter, the lead precipitated from 
the solution, made slightly acid with acetic aci<l, by adding a slight excess of 
|>otassium chromate an<l the clement determined as lead chromate according 
to the standard procedure for lead, b'ee page 274 in the chapter on Lead. 

Removal of the Hydrogen Sulphide Group. The filtrate from the lead 
sulphate is saturated with 11.8 and filtered. The fdtraie contains zinc, cobalt, 
and nickel. To recover any occluded zinc, the jirecipitate is di.ssolved in nitric 
acid, taken to fumes with .sulphuric acid, diluted to about 200 cc., and again 
treated with HjS. The filtrate from this precipitate is combined with the first 

portion. The precipitate is rejected. , . , • r,. , rp. 

Removal of Iron. This, if present, will be found m the filtrate. The 
H,S is expelled by boiling and the solution concentratwl to 4(X) cc. after adding 
5 cc. of H,0, to oxidize the iron. Five grams of ammonium sulphate are added, 
the solution made strongly ammoniacal, and filtered. Iron is precipite^ as 
Fe(OH). and is thus removed. If much iron is present, a double precipitation 
is advisable to recover any occluded zinc, nickel, or cobalt, and the filti;ptes 

combined. , 

Determination of Zinc. The filtrate from iron is concentrated to 400 
cc then made neutral to litmus by cautious addition of dilute suliihuric acid, 
drop by drop, and then faintly acid with 3 drops in exce.ss. Zinc is now pre¬ 
cipitated as the sulphide by saturating the solution with H.S and aUowing 
to stand over night. The sulphide is filtered off. The filtrate contains cobalt 
&ii(i uiclcsl 

Zinc sulphide is dissolved in hot dilute HCl (1 :2) and a few crystals of 
KClOi The solution is evaporated to dryness, the r^iduc taken up water con¬ 
taining a few drops of HCl and the extract filtered. (To remove any SiO. dis- 
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solved from the beakers.) Zinc carbonate is now precipitated (in a beaker of 
glass, which does not contain zinc) from the filtrate by addition of sodium carbon¬ 
ate, and ignited to the oxide ZnO. 

ZiiO X0.8034 = Zn. i 

Determination of Nickel and Cobalt. The filtrate from the zinc sulphide 
is examined for nickel and cobalt. About 0.5 cc. of sulphuric acid is added. 
HjS is expelled by boiling, and 2 cc. of H 202 added. The solution is concentrated 
to about 400 cc. (this should be free from nitric acid), treated with about 
26 cc. of ammonium hydroxide, and electrolyzed over night with a current of 0.5 
amperes. Nickel and cobalt, if present, are deposited on the cathode as metals 
and so determined. J’or greater details, consult the chapter on Nickel under 
the method by electrolysis. 

Determination of Arsenic, Antimony, Selenium, and Tellurium 

Separation of Copper. Ten to 50 grams of blister copper and 100 to 
600 grains of refined cop[)er are reijuired for the determination. (For 600-grams 
sample, 5 lots of 100 grams are taken.) The drillings are dissolved in nitric acid 
(40 cc. per 10 grams) and the solution boiled until a liglit-grocn precipitate 
appears on the surface. The liipior is diluted to 500 cc., and 5 cc. of ferric 
nitrate containing 3% of iron are added. A basic acetate precipitate is now made, 
weak sodium hydroxide being added to neutralize the free acid, but not in 
sufficient amount to produce a permanent precipitate. If the end-point is 
overrun, nitric acid is added drop by drop until the solution clears. The 
solution Ls diluted to about 800 cc., 20 cc. of a saturated solution of sodium 
acetate added, the li()Uor brought to boiling and filtered hot through a large 
creased filter paper, the first portion of the filtrate being poured back on the 
filter. The residue is washed twice with hot water to remove the copper. Five 
cc. additional iron are added to the filtrate and a second basic acetate precipitation 
made, a separate filter being u.scd. The precipitates arc dissolved in the least 
amount of nitric acid neco.ssary and the solutions combined. The liquor is 
concentrated to 150 cc., a pinch of potassium chlorate added, and the con¬ 
centration continued until the volume has been reduced to about 30 cc. An 
equal volume of strong hydrochloric acid is added and a sijcond pinch of chlorate 
and the evaporation repeated to eliminate all traces of nitric acid. 

The evaporation is best conducteil in a casserole, resting in the circular 
opening of an asbestos board, in order that the sides of the vessel may be pro¬ 
tected from the flame. 

Separation and Determination of Arsenic. The solution is transferred 
to a’distillation flask, arsenic reduced with ferrous chloride, and distilled according 
to the standard procedure for this element, p. 37.* In this distillate arsenic is 
determined volumetrically.* (See chapter on subject.) Antimony, selenium 
and tellurium remain in the flask. 

Separation and Determination of Antimony. Twenty-five cc. of a saturated 
solution of zinc chloride are added to the liquor remaining in the distilling 

* The concentration should not be carried below 30 cc. 

• Arsenic may be precipitated by H,S, the sulphide dissolved in NH 4 OH, the filtrate 
taken to dryness, HNOi added and the evaporation repeated. Arsenic now is deter¬ 
mined by precipitation with AgNO, and titration of the silver with KCNS in presence 
of a ferric salt. AgX0.23l6=>=As. 
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flask after the elimination of arsenic. The antimony is now distilled, strong 
hydrochloric acid being introduced in the distilling flask drop by drop by means 
of a separatory funnel, to replace the solution distilled, the volume in the flask 
being kept as low as possible, avoiding crystallization. When the antimony 
has been completely eliminated, the contents of the distilling flask is poured 
out while still hot, and, together with the rinsings of the flask, placed aside 
for the subsequent determination of selenium and tellurium. 

The distillate is neutralized with ammonia, then made slightly acid with 
IICI and antimony precipitated with HjS. Most of the selenium and tclluriuin 
remain in the flask. Some <;f the selenium, however, distills with the antimony, 
hence this must be recovered from the antimony sulphide precipitate and at 
the same time this must be purified. 

The precipitate is dissolved in dilute HCl (1 : 2), containing a little bromine 
to oxidize the sulphur. The solution is filterwl free from sulphur and the filter 
washed with a little dilute HCl. The filtrate should contain one-third its volume 
of strong HCl. Selenium is now precipitated by pa.ssing in Stb gas to satura¬ 
tion and bringing the solution to boiling. The precipitate is allowed to settle 
several hours and then filtered through a tared Gooch crucible. (To this is 
added the selenium and tellurium later obtained from the residue of the flask.) 
The filtrate contains antimony. 

After boiling out the SOj, the filtrate is first neutralized with ammonia, then 
made slightly acid with hydrochloric a('id and antimony i)recipitated as the 
sulphide by saturating the solution with HiS, allowing the precipitate to settle, 
resaturating with HjS and again allowing to .settle. The filtered, washed pre¬ 
cipitate is dis.solved with sodium sulphide, and 10 cc. of 2.’)% potassium cyanide 
(poison) added to the filtrate, together with 2 cc. of 2.')(,o sodium hydroxide. 

The solution is now electrolyzed hot (00° C.) for an hour with a current of 
0.5 ampere and antimony deposited ns the nwdal on the cathode. '1 his is 
quickly remove<l and washed l)y dipping it successively into a beaker of cold 
water, three of hot water an<l one of 05% alcohol. T he foil is dried at 100 C., 
and then weighwl, on cooling, ns usual. Antimony is now remove<l by immersing 
the cathode in boiling nitric acid containing tartaric acid, and washing as 
before. The lo-ss of weight of the foil is taken as antimony. 

Note It is advisable to test the electrolyte for antimony by acidifying the solu¬ 
tion with oxalic acid (Hood). A niddi.sh coloration indicates the incomiik te removal 
ot the element. 

Determination of Selenium and Tellurium. The solution from the dis¬ 
tillation flask is nearly neutralized with ammonia and saturated with H»S. 
The precipitate is filtered off and dis.solved in equal parts of nitric acid (sp.gr. 
1.42) potassium bromide bromine solution (20 cc. Hr added to a saturated 
solution of KBr and diluted to 200 cc.). The liquor is diluted to 400 cc., 5 cc. 
of ferric nitrate (3% Fe'") solution added, and sufficient ammonia to make the 
solution decidedly alkaline. The precipitate contains, besides the iron, all of 
the selenium and tellurium, whereas any copper that may have Iwen present 
is removed. The precipitate, washed, is di^lved in hydrochloric acid, the 
free acid nearly neutralized and HjS passed in to saturation. The precipitate 
is filtered off, washed, and dissolved in the nitric acid potassium bromide and 
bromine mixture stated above. The solution is filtered and then sufficient hydro¬ 
chloric acid added to make the solution contain about one-third its volume of 
strong HCl. Selenium and tellurium are precipitated from this solution by pass- 
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ing in SOj to saturation, and iwiling for a minute or so. The precipitate is now 
filtered into the crucible containirif? the selenium obtained in the purification of 
the antimony precipitate. After washing with hot water and once with 96% 
alcohol, the residue is dried at 100° C, for an hour and weighed as selenium and 
tellurium. Solution should -stand three hours at least, or overnight, before filtering. 

Notk. The precipitate of selenium an<l tellurium may contain gold, which should 
be determined by assay. 


Determination of Oxygen 

This determination is re(|tiired only in refined copper. The method depends 
upon the reduction with hydrogen of cuprous oxide heated to redness; the water 
formed by tlie reaction tsdrig the measure of the oxygen. 

Apparatus. The combustion-furnace is the same as that used for the 
determination of carbon. As it is necessary that the hydrogen be absolutely 
free from oxygen and moisture, the gas is passed through a preheater con¬ 
sisting of a platinum or silica tube of small bore heated to redness by a flame 
or an electrical device. The gas is then pjis-sed through a tube containing 
calcium chloride and finally through a PjOs bulb containing the anhydride. 
In this purified fonn it enters the combustion-tube. The product of com¬ 
bustion, water, is absorbed in a tared bulb by PjOj, to which is attached a tube 
of calcium chloride. 

Procedure. The sample, which has been drilled with considerable care 
to avoid overheating, is dried under partial vacuum in a desiccator after warming 
to below 70“ C. for a f(!W nunutes. 

One hundred grains are taken for analysis and placed in the combustion 
tube, the drillings being held in a large boat. PurifiiHi hydrogen is rapidly 
passed through the tube for half an hour to sweep out the air, the tube being 
cold. The tared PAb bulb and the calcium chloride tube are now attached. 
The heat is turned on to bring the sample to cherry red heat, 900“ C., and the 
current of hydrogen pa-ssed slowly over the sample for several hours. 

The increase of weight of the IbOi bulb =Tl.jO. 

HA)X0.,S,S.S1 =0. 0X4.9687 =CuO. 


Determination of Sulphur 

This determination is rarely requii-ed in refined copper. 

Twenty grams of blister, unrofinwt or cement copper, placed in a casserole, 
treated cold with 50 cc. brouune-iMitassiuiu bromide mixture (see under 
Determination of Selenium an.l Tellurium). After standing at least ten 
mmutes, ITO cc. of strong nitric acid arc added. After another ten minutes 
the casserole IS placed on the steam bath and the solution evaporated to smalt 
volume. 1 his is taken up wit h 25 cc. of strong hydrochloric acid and evaporated 
to a pasty mass. The trt-atnmnt is repeated to ensure the decomposition of 
m^tes and to expel nitric acid. It is now taken up with 5 cc. of hUochloric 
acid, diluW with water and sulphuric acid precipitated as BaSOj, according 
to the standard procedure for sulphur. ^ 

BaSO,X0.1374=S. 
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Determination of Phosphorus 

This determination is seldom required, and then only in low-grade copper 
and copper scrap containing phosphor bronze. The sample, dissolved in nitric 
lu’id, is treated with ferric nitrate and the basic acetate precipitation made as 
has been described for the determination of arsenic, etc. The precipitate is 
dissolved in HCl, this solution then made strongly ammoniacal, and saturated 
with HjS, and filtered. The filtrate containing the arsenic and phosphoric 
acid is acidified, arsenic sulphide and sulphur filtered off, and phosphoric acid 
determined in the filtrate by precipitation with magnesia mixture as usual. 
See chapter on Phosphorus. 

Mg2P,OTX.2787=P. 



DETERMINATION OF COPPER IN REFINED COPPER 

In determining the quality of copper for electrical purposes each hundredth 
of a percent above 99.90 has its significance. The methods employed arc the elec¬ 
trolytic and the hydrogen reduction methods. Silver present is rated as copper. 

Electrolytic Method.' The sample, consisting of unground drillings, should 
be untarnished, free of grease or oil, and cleaned of particles of iron by use of a 

good magnet. . . • u • 

Procedure. A catch weight of about 5 grams is taken, each piece being ex¬ 
amined for dust, particles from the drill and surface oxidation before it is 

placed on the balance pan. Solution is effected in a special 400 cc. ^ - 

lieaker which has hipped sides to support a series of watch 
glasses, the lower hip at the 125 ec. mark, the upper at 350 cc. 

^ The drillings are treated with 50 cc. of a stock solution (10.5 
P'.rts nitric acid and 4.5 parts of sulphutic). The watch-gla.ss 
trails are put in place to retain the copper which is always 
entrained in the nitrogen peroxide fumes. Except that the cur¬ 
rent is maintained at .75 ampere throughout the period of elec¬ 
trolysis, the conditions are the same as have b^n dumbed for 

the determination of copper by the “ Small ^"rtwn Metho . dptormina- 

Hvdrogen Reduction Method. This method is applicable to the deterim^ 

tion of copper in grades of refined copier which “ 

imnuritv content which is constant and less than 0.01 per cent Ihe apparatus 

of wlu.h he kepi L'.: 

Uim, one end of which f 

M-oken; »n.b»lk,» be.P, 95 

combustion boat, and the boat ®Jm^rature is raised to 950’ C. and 

for half an hour through the f a type, which will permit the 

so maintamed lor two hours. If the fu J 

.•emoval of the tube without disconnecting the tram, the tune is 

c Ferguson, Jour. Ind. and Eng. Che^- i^lO. 

« ME bleating Apparatus Co., New York. 


Fio. 32. 
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iutnace -without interruption of the stream of hydrogen Md cooled by a jet of cold 
air. When cold, the mass of copper, the particles of which are cemented, is taken 

e __ aL.,% nnrl ur/>iir))^>rL 


Note. If the samphi is allowed to become molten, the boat and tube will be coated 

With a fii/n of copper. , . » t • i j • • l 

A convenient and efficient type of combustion furnace, hinged design, is shown m 
Fig. 32b. Thin furnace may he purchased from the Electric Heating Apparatus Com¬ 
pany, New York City. 




Flo. 32o.—Combustion I''urnncc, Hinged Design, Type 70—Shown with one “ Spare ” 
Unit. Height to center, 9J". 

Ily cottrtray ot the Rloctrln IleHtlng ApparfttUfi Company. New York City. 

CHLORINE IN CEMENT COPPER AND COPPER ORES 

If the material contains very little silver the following method is applicable 
in laboratories eipiipped with apimriitus for furnace assaying. 

Ten grams of the 6ncly ground sample placed in an 800 cc. beaker are treated 
with 600 cc. water, 100 cc. nitric acid (free from iodic acid) and the mixture 
brought to boiling by gentle heating. After filtration and thorough washing, the 
insoluble residue is treated reiieatedly with additional water and acid, of the above 
proportion, until a test of the filtrate with silver nitrate indicates complete extrac¬ 
tion of the soluble chloride. The (amibined filtriites are treated with a slight excess 
of silver nitrate and chloride of silver precipitated and determined in the usual way. 

On a separate 10 gram sample an assay of silver is made and the equivalent 
weight of chloride calculated. This equivalent is added to the weight of silver 
chloride obtained in the extract. The percent of chlorine is calculated from this 
result by the formula. 

Weight of AgClX.2474X100 ,, . 

—— --=gram chlonne. 
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DETERIWINATION OF COPPER IN BLUE VITROL 

is best determined on a 2 gram sample of the finely powdered dry salt or 
a catch weight of approximately 2 grams if the salt is moist. Copper is depoL” 
electrolytically, the electrolyte being diluted to 130 cc. and containing 4 cc. of 
nitric acid and 5 cc. saturated solution of ammonium nitrate. A current of .18 
amperes and an electrode of Hi sq. in. deiiositing surface are used. If the salt 
contains insoluble matter consisting wholly of basic salts, complete solution is 
brought about by gently killing after adding 4 cc. nitric acid and 25 cc. of hot 
water to the salt. If the insoluble matter shows a tendency to remain in suspen¬ 
sion, the presence of arsenic or antimony is indicated. In this case the impurities 
are precipitated along with ferric hydroxide as has been previously described 
under the notes on the electrolytic determination of copper in blister copper. 


DETERMINATION OF COPPER AND LEAD IN BRASS* 

One gram of the alloy is dissolved in 8 cc. nitric acid and the nitrous fumes 
are boiled off; if tin is present, 40 cc. of boiling water are added, the metnstannic 
acid allowed to settle on the hot plate for fifteen minutes and filtered off. 
(Method for tin is accurate only for wrought brass; high iron or antimony 
interfere). 

The filtrate from the tin is electrolyzed for copper and lead. If the lead is 
less than 0.75 iMir cent, an ordinary sandblasted, spiral anode is used; if the 
amount of lead is 0.75 to 5 per cent a sandblasted gauze cylinder is necessary. 
For amounts of lead over 5 jier cent either a smaller sample is taken or the greater 
part of the lead is precipitated as lead sulphate and the small amount of lead 
passing into the filtrate is recovered by electrolysis, using i ampere current per 
solution, after adding 3 cc. of nitric acid. For lead under 0.5 jxir cent; 5 cc. of 
1 ; 1 sulphuric acid are stirred in, after the current has been passing for at least 
ten minutes. If the lead is high the sulphuric acid is added after the electrolysis 
has continued for at least an hour. Under these conditions no lead sulphate 
deposits from the solution and as long as the current passes, the sulphuric acid 
present does not attack the FbOi deposited. After the sulphuric acid is added 
the current is raised to | ampere per solution and the electrolysLs continued over¬ 
night. 

The lead per.ixide is dried at 250°('. for half an hour. The factor 86.43 
gives the equivalent jier cent lead. (Factor determined from the average of a 
large number of te.sts made on pure lead. The factor is best obtained under the 
conditions of the laboratory where the determinations are made, as it varies slightly 
with change of conditions.) 

The copper on the cathode is wa.shed, dried and weighed according to the usual 
standard procedure. 

* Method of The National Brass and Copper Tube Company, communication by 
R. T. Roberts. 
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METHODS OF DETERMINING THE COMBINATIONS OF 
COPPER IN ORES AND FURNACE PRODUCTS 


Sulphurous Acid Method' 

The method is based on results which show that cuprite, melaconite, 
malaconite, chrysocolla, and metallic copper,, when finely pulverized, are 
readily and completely soluble in sulphurous acid. Copper sulphides, chal- 
cocite and chalcopyrite, are not attacked, no matter how finely pulverized or 
how long the period of contact. Metallic iron in (luantitics ordinarily found 
in pulverized mineral, even up to 3%, dissolves and affects the determination 
not at all, provided there is a strong exce.ss of H2SO3. The essential conditions 
of the method arc; (a) Tine pidverization of the sample in order completely 
to liberate the particles of copper minerals from the gangue; (6) The powdered 
sample must be kept in suspension during the period of lixiviation. Most ores 
give recovery in a half hour’s contact and refractory ores yield in less than two 
hours. 

In general, a solution containing 3% SO 2 should be u.sed, but a much 
weaker one, as low as 0.75%, will suffice in the case of some ores. 

Notr. For the manufacture of sulphurous acid, an absorption tower of 1 in. dia. 
and 4 ft. long glass tubing fillwl with broken hard-burned fire clay is set at an angle of 
75° between two 3 to 6 gal. bottles, one about 5 ft. above the other. The tube is open 
at the top and sealed at the bottom with a ])lug of sealing wax, through which two small 
glass tubes extend. The upper bottle contains cold distilled water wliich is siphoned 
into the upper end of the absorption lower, the flow being regulated by a stopcock. 
A 6 to 50 lb. cylinder of sulphur liioxide is eonnected to one of the glass tubes extending 
into the absorption tower. On opening the valve of the cylinder the issuing SOj is 
gasified and passes to the tower where it is absorlied by water from the upper bottle, 
converted into SOi solution of the desired strength and caught in the lower bottle. 
A gas generator may be employed instead of cylinder of SOj. A 3% solution of SOi 
may bo produced by this apparatus at the rate of 3 liters per hour. 

The procedure is as follows: Place 2 grams of pulp of 100 to 150 mesh 
fineness in a bottle, a<ld 100 cc. 3% solution of HOj, seal the bottle and agitate 
by rolling J to 3 hours. Filter, wash the re.sidue with SO 2 solution and add 
the washings to the filtrate which contain in solution all oxides, carbonates 
and silicates of copjier and all the metallic copper. To this solution and 
6 to 10 CO. nitric acid, evaporate to 20 cc., dilute with dititilled water and 
determine copper by the electrolytic or other method suitable to the quantity. 

The residue from the filtration contains the unaltered and undissolved 
sulphides, the copper in which is determined by the method suitable to the 
grade of ore. 


The Silver Sulphate-Sulphuric Method* 

The method as described is especially adapted to the determination of metal¬ 
lic copper, cuprous oxide and cupric oxide in the raw material used for the 
manufacture of marine paints, but can with obvious modifications be applied 

' Van Barneveld and Leaver, Met. and Chem. Eng., Feb. 15, 1918, pp. 204-206. 
Eng. and Min, Jour., March 23, 1018, pp. 553-4. 

«Communicated by E. F. Fitzpatrick, chemist, Nichols Copper Co. 
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t„ the differentiation of sulphide and metallic from oxidized copper in ores 
I'nrticles of iron from the grinding plates do not interfere. The sample should 
he no coarser than 150 mesh. 

According to the importance of close valuation of any constituent, 2, 6 , ■ 
or 10 grams of the sample are placed in an 800 cc. beaker together with 300 cc. 
of a neutral, saturated solution of silver sulphate. Boil gently for 10 minutes, 
decant the solution on to a 15 cm. thick filter paper of close texture and wash 
the re.sidue in the beaker by decantation. The.se operations are repeated with 
addition each time of more silver sulphate, until a NII4OH test of a filtrate 
shows no copper. When extraction of all metallic or sulphide copper has been 
accomplished, the entire residue is tran.sferred to the filter and washed with hot 
water until an HCl test of the washing shows the presence of no silver. After 
evaporation to convenient volume and precipitation of silver from the hot 
liquid by dilute IICl (cautiously added to ensure no cxce.ss in case determina¬ 
tion is to be by the electrolytic method), removal of the precipitate by filtration 
only after the liquid has become cold, copper is determined in the whole or 
an aliquot part by the electrolytic or iodide method. 

The residue is washed (with care not to break the paper) into a beaker or 
flask and boiled for 5 minutes with 200 cc. of 10% H2SO4 to bring into solution 
all the copper combinetl as OuO and half that combined as CujO. Decant the 
solution upon the filter used for the silver sulphate leach to decompose particles 
of oxides which may be retained upon the paper. Wash thoroughly with 
cold water. 

The copper on the filter, precipitated by the reaction C'ujO-t-HjS04 = Cu 
+CUSO 4 , is dissolved with dilute nitric .acid (about 12 % HNOs), solution 
filtered and freed from silver by the same method and with the same precautions 
as were employed on the filtrate from the treatment with 10 % H2SO4. Accord¬ 
ing to the amount of sam|)le taken or the evident quantity of copper in solu¬ 
tion, copper is determined, by any method suitable to the quantity, in the 
whole or an aliquot part, 'rids copper iti terms of per eetit content in the 
sample multiplied by two gives the copper combined as cuprous oxide, and 
multiplied by 1.12.58 gives per cent CujO. 

From the per cent of copper in the sample dissolved by 10% II2SO4 and 
determined by any method suitable to the quantity, is subtracted that pre¬ 
cipitated by the same operation to obtain by dilTercncc copper combined as 
cupric oxide. This multiplied by 1.2518 gives the per cent CuO. 

Phosphoric Acid-Ammonium Chloride Method' 

This method depends upon the solubility of carbonates and silicates and 
insolubility of sulphides of copper in 15% phosphoric acid; also upon the 
solubility of metallic copper in a solution of ammonium chloride. Metallic 
iron does not interfere. 

‘ Cremer, Met. and Chem. Eng., June 15, 1918, p. 645. 



210 


COPPER 


One gram of the fine sample is placed in a 500 cc. flat bottom flask, covered 
with 20 cc. of 15% HaPO, and an equal amount of a 20% NH4CI solution and 
boiled gently for 10 minutes. Because H3PO4 gives to the solution a yellow 
tint which interferes with a sharp end point in the determination of copper by 
the cyanide method, a pinch of burned lime is added to the solution after it 
has cooled .somewhat. The flask is thoroughly shaken, 25 cc. strong ammonia 
added and the hoIiiUoii boiled again for some time. The ammoniacal copper 
solution in filtered from the rc.sidue, allowed to cool and titrated by the cyam'de 
method. The method as described is adapted to ores containing up to 3% of 
oxidized copper. 

Caustic Soda-Sodium Tartrate Method^ 

This method is based on the permanence of sulphides, the rapid yielding 
to solution of cupric oxide and the decomposition of cuprous oxide ores on 
treatment with a mixture of caustic soda and sodium tartrate; also upon the 
solubility of the more refractory form of oxide of copper by a mixture of 
ammonium hydrate and sulphate. The method is subject to some error 
because washing with the ammonia solution dissolves some copper from the 
chalcocitc, and because of the difficulty of washing out all of the dissolved 
copper from the gelatinized spongy mass on the filter when chrysocolla is a 
constituent of the sample. These errors tend to balance each other when 
chalcocite and chrysocolla are both pre.sent and the resultant error in assays 
of ores containing less than 5% copper is not serious. 

The procedure is to add 20 cc. of a solution of sodium hydrate and tartrate 
to 2 grams of pulp and boil gently for 5 to 10 minutes with occasional shaking 
of the beaker. While hot add 25 cc. 20% solution of ammonium sulphate, 
heat for 10 minutes, filter, wash several times with a hot mixture of ammonium 
hydrate and sulphate and finish the washing with hot water. Neutralize the 
filtrate with dilute 112804 , add 2^ cc. concentrated HNOj and determine copper 
by the electrolytic method. 


Notk. The eausllc soda-sodium hydrate stock solution consists of 100 grams 
sodium hydrat e and 50 of sodium tartrate dissolved in 1000 cc. distilled water. The 
ammonium hydroxide and sulphate washing solution is a mixtiure of 100 cc. ammonium 
hydrate, 100 grams ammonium sulphate and 1000 cc. distilled water. 

' Hunt and Thurston, Col. School of Mines Meg., Sept., 1917, pp. 157-8. 
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Sulphuric Acid-Mercury Method' 

This method depends upon the dissolution oi oxide copper by dilute sul¬ 
phuric acid and amalgamation of metallic copper, native and that resulting 
from the decomposition of cuprous oxide, thus separating intact sulphide 
copper. 

According to the copper content, 1 to 3 grams of the sample are heated 
at 80° to 90° C. for 30 to 45 minutes in a 150 cc. casserole with 50 cc. of 4% 
IhSOi, care being taken to avoid boiling. Cool then to room temperature 
and add 4 to 5 cc. clean mercury. Rub the mercury about the casserole with 
the finger or other object for 3 or 5 minutes until it is certain that all the par¬ 
ticles of ore have come in contact with the mercury. Pour the supernatant 
solution, containing the sulphide minerals suspended in it into a beaker, taking 
care to retain the mercury in a single globule in the cn.sserole. Wa.sh the 'ast 
traces of the ore into the beaker by means of a fine stream of water. The solu¬ 
tion is now filtered and the copper determined by any suitable method. 

The copper in the residue represents the sulphide, while that in the filtrate 
represents the so-called “oxide” or sulphuric acid soluble copper. 

Copper in Brass—Short Iodide Method 

Determination of copper in brass may be accomplished by the short iodide 
method given on page 256. The tin should remain in the solution since the 
tin oxide carries down a small amount of copper, which would be lost if the 
tin were removed by filtration as is prescribed for wrought brass using the 
electrolytic method. The sample brought into solution by dilute nitric acid 
(1 : 1), the factor weight 0.6357 requires about 10 cc. lINOj, and 5 cc. strong 
sulphuric acid arc added and the sample evaporated to strong fumes. Any 
copper that may have been occluded by tin passes into solution upon dilution 
with water, lead will remain as a white precii)itate, but does not interfere 
and should be left in the solution. Addition of bromine water is generally 
necessary, and in any case will do no harm, the bromine being subseciuently 
removed by boiling the solution. 

Copper in Babbitt Metal and Alloys High in Tin— 

Short Iodide Method 

High tin alloys may be decomposed, generally, by strong sulphuric acid. 
This prevents formation of tin oxide obtained by the nitric acid method. 
If much copper is present, dilute nitric acid decomposition must be used, 
since copper is more readily attacked by nitric acid. (Copper is attacked by 
strong sulphuric acid, but is insoluble in dilute sulphuric acid or hydrochloric 
acid.) Tin oxide occludes copper, as has been stated under the iodide method 
for brass, treatment with sulphuric acid, as proscribed, frees any occluded 
copper. Since tin and lead do not interfere in the method, their removal is 
not necessary nor advisable. 

> Maier, Eng. and Min. Jour., Feb. 23, 1819, pp. 372-3. 

The editor (W. W. Scott) has taken the liberty to revise portions of this chapter. 
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r, at.wt. 19; D (air) 1.3l‘®°, np.ffr. (-187°) 1.14; m.p. -923; b.p. -187“ C; 

acids, HF. HsSiF,. 

DETECTION 

Fluorine is the most active element known, and is by far the most active 
of the halogens, displacing chlorine, bromine, and iodine from their combinations. 

Etching Test. The procedure depends upon the corrosive action of hydro- 
iluorio acid on glass, the acid being liberated from fluorides by means of hot 

concentrated sulphuric acid. This test is 
applicable to fluorides that are decomposed 
by sulphuric acid. The reactions taking place 
may be represented as follows: 

I. Car,+H,S 04 =CaS 04 + 2 HF. 

II. Si0,+4HF=2H,0+SiF4. 

The test may be carried out in the appa> 
ratus shown in the illustration. Fig. 33. A 
clear, polished glass plate 2 ins. square, free 
from scratches, is warmed and molten wax 
allowed to flow over one side of the plate, the 
excess of wax being drained off. A small mark 
is made through the wax, exposing the surface 
of the plate, care being exorcised not to scratch 
the glass. If the test is to be quantitative, 
the marks should l)e of uniform length and 
width. The powdered material is placed in a 
large platinum crucible (B) (a lead crucible 
will do); sufficient concentrated sulphuric acid 
is added to cover the sample. The plate (D) 
with the wax side doAvn is placed over the 
Pia. 33.—Etching Test for Fluorine, crucible and pressed firmly down. To prevent 

the wax from melting, a condenser (C), with 
flowing water, cools the plate. An Erlenineyer flask (C) is an effective and simple 
form of condenser, though a metallic cylinder is a better conductor of heat. A 
little water placed on the plate makes lietter contact with the condenser. As a 
further protection a wide collar of asbestos board (E) may be placed as shown 
in the figure. In quantitative work, where a careful regulation of heat is nec¬ 
essary, the crucible is placed in a casserole with concentrated sulphuric acid or 
in a sand bath, containing a thermometer to register the temperature. The run 
is best conducted at a temperature of 200“ C. (not over 210”—H 1 SO 4 fumes). 

Chapter contributed by Wilfred W. Scott. 
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After an hour the wax is removed with hot water and the plate wiped clean, 
and examined by reflected light for etching. A test is positive when the mark 
can be seen from both sides of the glass. Breathing over the etched surface 
intensifies the mark. 

Treatment of Fluo-Silicates not Attacked by Sulphuric Acid. The 

powdered material is mixed with about eight times its weight of sodium car¬ 
bonate and fused in a platinum crucible. The cooled melt is extracted with 
water. Calcium fluoride is thrown out from the filtrate, according to directions 
under Preparation and Solution of the Sample. The fluoride may now be 
tested as directed in the etching test or as follows by the hanging <lrop test. 

The Hanging Drop Test. The test dejxiiids upon the reaction 3SiF4-|-3HiO 
2H2SiF*-l- H2SiOj. 

If the material contains carbonates, it is calcined to expel carbon dioxide. 
Half a gram of the powdered dry material is mixed witli 0.1 gram dried pre¬ 
cipitated silica and placed in a test-tul)c, Fig. 34, about 
5 cm. long by 1 cm. in diameter. A one-hole rublxir 
stopper fits in the tube. A short glass tube, closed at the 
upper end, pa.sses through the stopper extending about 
3 mm. below. Two or three drops of water are placed in 
this small tube by means of a pipette, nearly filling it. 

Two cc. of concentrated sulphuric acid are added to the 
sample in the test-tube and this immediately closed by 
inserting the stopijer carrying the hanging drop tube, exer¬ 
cising care to avoid dislodging the drop of water. The 
test-tube is placed in a beaker of boiling water and kept 
there for thirty minutes. If an appreciable quantity of 
fluorine is present a heavy gelatinous ring of silicic acid 
will be found at the end of the hanging ilrop tube in the 
stopper. 

It is important to have material, test-tube, and rubber 
stopper drj', so that the deposition may occur as stated.* Fio. 34. 



Note Dr. Olsen* makes the test by heating the sample m Hanging Drop Test 
a small Erlenmeyer flask, with concentrated sulphuric acid. for Fluorine. 

A watch-crystal with a drop of water susiiended on its <mrvcd 

surface is pUoed over the mouth of the flask. A spot etch is obtained m presence of 
fluorine. 

Black Filter Paper Test. According to Browning,* small amounts of fluorine 
may be detected by the converse method for detection of 

'-‘ p t -J silicates and fluosilicates (See silicon). The fluoride is 

placed with a suitable amount of silica, in a small lead 2 cup, 
1 cm. in diameter and depth (Fig. 35); a few drops of 
' ~ ~~ -l concentrated .sulphuric are added; the cup is covered by a 
flat piece of lead with a small hole in the center; upon the 
cover is placed a piece of moistened black filter paper and 
upon this a small pad of moistened filter paper. The cup 
is heated on the steam bath for ten or fifteen minutes. A white deposit will 




Fio. 36. 


•C. D. Howard; Jour. Am. Chera. Soc., 1906, 28, 1238-1239. C. N., 1906, SO, 

• Communicated to the author by J. C. Olsen. _^ • nn • i a 

• P. E. Browning, Am. Jour. Sci. (4), «2, 249. Methods m Chemical Analysis," 


by F. A. Gooch. 
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bo found on the under side of the black filter paper, over the opening in the 
cover, if fluorine is present in an appreciable amount. fO.OOl gram CaFj or 
above, and 0.005 gram Na^AIF. will give the test.) 

ESTIMATION 

The detcnuination of fluorine in the evaluation of minerals used for the 
production of hydrofluoric acid is of technical importance. The demand for 
elimination of tlie use of fluorides for preservatives of food makes its estimation 
in small amounts of importance. 

Fluorine occurs only combined. It is found abundantly combined with lime 
in the nnneral fluorspar, CaFt. It occurs as cryolite, NajAlF«; apatite, 
3Cn,(PO,)jCaF,. It is found in mineral springs, ashes of plants, in bones, and in 
the teeth (CaF,). It occurs sparingly, with aluminum and silicon, in topaz, 
and with cerium and yttrium in fluocerito, yttroccrite, also in wavellite, wag- 
ncrite, etc. 


Preparation and Solution of the Sample 

Fluorides of the alkalies, and of silver and mercury, are readily soluble; 
copptir, load, zinc, and iron fluorides are sparingly soluble; the alkaline earth 
fluorides dissolve in 100 cc. II 2 O as follows: BaFj =0.163 gram, SrFi =0.012 
gram, ClaFj =0.(X)16 gram. 

Fluosilicates of potassium, sodium, and barium are slightly soluble in water 
and practically insoluble if sufficient alcohol is added. 

Organic Substances.' These are best decompo.sed by the lime method, the 
details of which arc given in the chapter on chlorine under the section for the 
preparation and solution of the sample, p. 146. For fluorides in organic 
matter it is advisable to decomiiose the substance in a seamless nickel tube, 
40 mm. long by 4-5 mm. bore. The end of the tube is sealed with silver solder. 
The lime used should bo solulde in acetic acid. The tube is heated to yellow 
heat for two hours. The lime is then extracted with acetic acid and fluorine 
determined as calcium fluoride. 

Silicious Ores and Slags. 0.5 to 1.0 gram of material is fused in a cru¬ 
cible with ten times its weight of sodium and potassium carbonates (1 :1) and 
poured into an inm mould. If a porcelain crucible has been used, this is broken 
up and added to the cooled fusion. The mass is digested with about 200 cc. 
of hot water for an hour, the mass having been broken up into small lumps, 
(Knecland recommends using an agate-ware casserole as diminishing the liability 
of subsequent bumping) • then boiled briskly for ten minutes longer and filtered, 
the solution being caught in a large beaker. The residue is washed with hot 
waterfollowed by a hot solution of ammonium carbonate and the insoluble 
material rejected. The silica is removed with ammonium carbonate, followed 
by the zinc^ oxide treatment of the second filtrate, as described under the section 
of Separations. In presence of appreciable amounts of fluorides, the gravi¬ 
metric precipitation of fluorine as calcium fluoride is recommended 

.. Hub, Monatsch. ftlr Chem., 1910, 31, 933-938. C. N., 1910, 

•0, 489. 

of ’ “Technical Methods 
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Calcium Fluoride. The product is best decomposed by fusion with sodium 
and potassium carbonate, after mixing the fluoride with 2.5 times as much silicic 
acid, followed by ten times its weight of carbonates. Most of the silicic acid and 
all the fluorine will be changed to soluble alkali salts, while the calcium will be 
left as insoluble calcium carbonate. The mixture must be heated gradually 
to prevent the contents of the crucible from running over by the rapid evo¬ 
lution of carbon dioxide. The thin liquid fusion soon thickens to a pasty mass. 
The reaction is complete when there is no further evolution of carbon dioxide. 
The fused mass is now extracted with hot water as indicated above, and the 
soluble fluoride filtered from the calcium carbonate residue. Silicic acid is 
removed from the filtrate by addition of ammonium carbonate. Traces of 
silicic acid are removed from the filtrate taken to near dryness, after neutralizing 
the alkali with dilute hydrochloric acid (phcnolphthalein indicator), by the zinc 
oxide emulsion method given under Separations. Fluorine is precipitated as 
calcium fluoride, according to the procedure given later on page 216. 

Soluble Fluorides. See page 223b, 226. 

Hydrofluoric Acid. See page 216. Also Voi. II Acids. 

Valuation of Fluorspar. Perchloric Acid Method. One gram of fluorspar 
is treated with 15 cc. perchloric acid and 15 cc. of water in a suitable distillation 
flask and heated in an oil bath until the residue is almost dry. The distilla¬ 
tion is continued with 10 cc. and finally 5 cc. portions of perchloric acid and 
ecjual amounts of water. Hydrofluoric acid may be determined as lead chloro- 
lluoride in the distillate and water soluble residue analyzed for metals. If a 
residue analysis is desired treat first with H F evaporate and follow with 
perchloric acid. The residue is soluble in water or dilute IlCl. 

SEPARATIONS 


Removal of Silicic Acid from Fluorides. This separation is frequently 
reciuircd, especially in samples wh(!re the sodium and potassium carbonate 
fusion has been required for decomposition of fluosilicafi's, or cidcium fluoride 
mixed with silicic acid. (See Preparation and Solution of the Sample.) 

To the alkaline solution about 5 to 10 grams of ammonium carbonate arc- 
added, the solution boiled for five minutes and allowed to stand in the cede! 
for two or three hours. (Treadwell and Hall recommend heating to 40 C., 

and allowing to stand over night.) The precupitatc is filtered off and washed 
with ammonium carbonate solution. The fluoride passc.s into the filtrate, while 
practically all of the silicic acid remains on the filter. . ■ .i i 

Small amounts of silica in the filtrate arc removed by evaporating the solu¬ 
tion to near dryness on the water bath, then neutralizing the carbonate with 
dilute hydrochloric acid (phenoli)hthalcin indic ator) added to 
up with a little water. Upon boiling the pnik color is rcistored, the s lutwn 
then cooled and acid again added to discharge the color; this is repea^d until 
finally the addition of 1-2 cc. of 2 N. HCl is sufficien f'>«:»>argc the 

Four to 5 cc. of arnmoniacal zinc oxide solution A,, 

as directed later. 

19 
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Separation of Hydrofluoric and Phosphoric Acids. The method of Rose 
modified by Treadwell and Koch,' takes advantage of the fact that silver phos¬ 
phate is insoluble in water, whereas silver fluoride is soluble. The alkaline 
solution of the salts of the acids (solution of the sodium carbonate fusions) is 
carefully neutralized with nitric acid and transferred to a 300-cc. calibrated 
flask. A slight excess of silver nitrate solution is added, and the mixture made 
to volume and thoroughly shaken. After settling, the solution is filtered 
through a dry filter, the first 10 to i.'i cc. l)eing rejected; 225 cc. of this filtrate 
is again transferred to a 300-cc. calibrated fhi.sk, the excess of silver precipitated 
by adding sodium chloride scdution, and after diluting to the mark and shaking, 
the precipitate is again allowed to settle; 200 cc. of this solution is taken for 
analysis, after filtering as jireviously directed. This .sample repre.sents 50% of the 
original sample taken. Fluorine Is now determined by one of the procedures 
outlined. 

Separation of Hydrofluoric and Hydrochloric Acids. The solution con¬ 
taining hydrofluoric and hydrochloric acids, in a platinum dish, is treated with 
nitric acid and silver nitrate. The chloride is precipitated, as the silver salt, 
whereas the fluorine remains in solution and may bo filtered off through a glass 
funnel coated with paraffine or wax, or a hard rubber funnel. In presence of 
phosphoric acid, silver nitrate added to the solution will precipitate the phos¬ 
phate as well as the chloride, whereas the fluoride remains in solution. The 
phosphate may bo dissolved out from the (diloride by means of dilute nitric 
acid. 

Separation of Hydrofluoric and Boric Acids. An excess of calcium 
chloride is added to the boiling alkali salt solutions of the two acids. The 
precipitate is filtered off and washed with hot water. The residue, consisting of 
calcium fluoride, borate and carbonate, is gently ignited and then treated with 
dilute acetic achl, taken to drj’iiess, and the residue taken uj) with acetic acid 
and water. Calcium acetate and borate are dissolvetl, whereas the fluoride 
remains insoluble and may bo filtered off and determined. 


GRAVIMETRIC METHODS FOR THE DETERMINATION 
OF FLUORINE 

Precipitation as Calcium Fluoride 

The method utilizes the insolubility of calcium fluoride in dilute acetic acid 
in its separation from calcium carbonate, the i)ro.senc6 of which facilitates 
filtration of the slimy fluoride. The reaction for precipitation is as follows; 

2NaF+CaCh = CaF,-f 2NaCl. 

Procedure. Solution of the .sample and the removal of silica having been 
accomplished according to procedures given under Preparation and Solution 
of the Sample, and Separations, the solution is neutralized, if acid, by the 
addition of s^ium carbonate in slight excess; if basic, by addition of hydrochloric 
acid in excess, followed by sodium carbonate. To this solution, faintly basic, 
1 cc. of twice normal sodium carbonate reagent is added, follow^ by sufficient 

'Z. ansi. Chem., 48, 469, 1904. “Analytical Chemistry,” Vol. 2, by Tread¬ 
well and Hall. John Wiley and Sons. 
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calcium chloride solution to precipitate completely the fluoride and the excess 
of carbonate, i.e., until no more precipitate forms, and then 2-3 cc. in excess. 
After the precipitate has settled, it is filtered and washed with hot water. (The 
filtrate should be tested for fluoride and carbonate with additional calcium 
chloride.) The precipitate of calcium fluoride and carbonate is dried and 
transferred to a platinum dish, the ash of the filter, burned separately, is added 
and the material ignited. After cooling, an excess of dilute metic acid is added, 
and the mixture evaporated to dryness on the water bath. Tlie lime is con¬ 
verted to calcium acetate, while the fluoride remains unaffected. Tlie residue 
is taken up witli a little water, filtered and washed with small portions of hot 
water, by which procedure calcium acetate is removed, while calcium fluoride 
remains on the filter.* The residue is dried, separated from the filter and 
ignited. This, together with the ash of the filter, is weighed as calcium 
fluoride, CaFj. 

To confirm the re.sult, the residue is treated with a sliglit excess of sulphuric 
acid and taken to fumes in a platinum dish. The adhering acid is removed as 
usual by heating with ammonium carbonate, and the ignited residue weiglied as 
calcium sulphate. One gram of calcium fluoride sliould yield 1.7436 grams of 
calcium sulphate.* 

OaOX1.392 t = CaFj. or XO.ti77 = F. 

Factors. CaFjX0.4867 =F, or X0.5126=HF, or X 1.0757 = XaF. Ca.S 04 
X0.5735 =CaF,. 


Precipitation of Fluorine as Lead Chlorofluorlde 


The method, worked out by Starck,* takes advantage ()f the double halide 
formed by action of lead chloride upon a solul)Ie flin>ridc. I he compound, 
PbFCl, is about fourteen times tlie weight of tlie fluorine it contains. Unfor¬ 
tunately, the compound is tjuite appreciably soluble in water,* so that a loss 
occurs if pure water is used for washing tiio precipitate. 1 he inetliod is liniitf^d 
to the detennination of soluble fluorides. 

The sample, made neutral, is treated with a large excess of a cold saturated 
solution (200 cc. PbCl, per 0.1 gram NaF in .50 cc. solution) ol lead chloride, 
the precipitate, settled over night, is filtered off in a weighed (looch crucible, 
washed several times with a saturated solution of lead clilorofluoride, and 
finally two or three times with ice-cold water. The comixiund is dried two hours 

at 140-150° C., and weighed as PbF(3. 


rTh« results are aliirhtlv low. owing to the solubility of calcium fluoride: 
100 cc H.O dissolves 0.0016 gram CaF,: 100 cc. 1.5 N. diasolvcs 0.011 gi^am. 

‘Low recommends disintegration of the ‘'"“''A’® .’^''*** 
the mixture with water boiling w th ammonium chloride, and then with ammonium 
hydS and hydmgen jle^ Calciuin oxalate is now precipitated fmm the 
fiitrate and CaO determined by titration with standard jHirmanganate according to 

the usual procedure for determination of lime. on.n/iQiii 

Pbm,o..«. 

gram at 100° C. 
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VOLUMETRIC METHODS FOR THE DETERMINATION 
OF FLUORINE 

Volumetric Determination of Fluorine—Formation of Silicon 
Tetrafluoride and Absorption of the Evolved Qas in Water. 
Offer man’s Method * 

Silicon tetrafluoride is formed liy the action of sulphuric acid upon a fluoride 
in presence of silica, the evolved gas is received in water and the resulting com¬ 
pound titrated with standard potassium hydroxide. The following reactions 
take place; 

A. 3SiF4-f2H20=2Il2SiF.4-Si0,. 

. B. H,SiF,+f>K0II=6KF-|-Si04-l-4Hj0. 

The method is suitable for determining fluorine in fluorspar in evaluation 
of this mineral. 

Procedure. The powdered sample, containing the equivalent of 0.1-0.2 
gram calcium fluoride, is mixed with about ten times its weight of pulverized 
quartz (previously ignited and kept in a desiccator), placed in the decom¬ 
position flask F, shown in Fig. 36, and about 1 gram of anhydrous copper sulphate 



added, followed by 25 cc. of concentrated sulphuric acid. The stopcock E 
is closed and the air bath heated gradually till in one-half hour the temperature 
has risen to 220°. The cock E is now 0 {)cned and air slowly forced through the 
apparatus (by means of water pump) at the rate of about three bubbles per 
second, the temperature l)cing kept at 220°, and the flask containing the sample 
occasionally shaken. When the bubbles of silicon tetrafluoride have disappeared 
from F, the flame is removed, but the air current continued for half an hour 
lon^r. The solution in the receiving flask is now titrated with 0.1 N. KOH. 

Notes. The apparatus shown in the cut is the fonn recommended by Adolph, 
and the details of procedure are cs.sentmlly liLs. This method is preferred to that 
of Penfteld,’ in which an alcoholic solution of imtassium chloride is used to absorb 
the tetrafluoride, and the liberated hydrochloric acid titrated with the standard 
alkali in presence of cochineal indicator. 

The results obtained by this method are generally low, but the procedure is use¬ 
ful for rapid valuation of fluorspar. 

*Z. angew. Chem., 8, 015 (1890). Wm. H. Adolph, Jour. Am. Chem. Soc., 
87 , 11, 2500 (1915). 

* Am. Chem. Jour., 1, 27 (1879). 




¥LT]0Tll>5E 


219 


The run having been made as directed, the solution in tube “ K ” is poured 
into a beaker, an excess of standard potassium hydroxide added and the excess 
alkali titrated with standard sulphuric acid, to the boiling solution. Norris 
prefers the use of litmus indicator to phenolphthalein, claiming that the end 
point is sharper. 

It is found advisable to use mercury in the tube “K” as a trap, thus pre¬ 
venting the stoppage of the delivery tube by crystallization. The gas readily 
passes up through the mercury and is absorbed in the supernatant solution. 

In place of using N/10 solutions the potassium hydroxide may be made of 
such strength that 1 cc. will equal 1% fluorine with 0.5 g. sample taken and 
the acid made to a corresponding strength. 


Notes. The following suggestions for the method are made by W. V. Norris. 
Colorado School of Mines. 

It is especially necessary that all apparatus Ixi dry, a.s the least amount of moisture 
will make the results run low. For this reason it is licttcr to use phosphoric anhydride 
in washing bottle “B” instead of sulphuric acid. 

The sulphuric acid used should lie previously treated as follows:—Heat 500 cc. of 
acid to white fumes, cool, warm gently l)ut not to fumes, th(;n again cool in a desiccator 
until ready for use. This will produce an acid that will lie an ellicicnt dehydrator 
and will give off no free sulphur trioxide. ... tit 

It is advisable to u.se a large excess of silica in the genemtor apparatus, preferably 
ten times the weight of the sample taken. . • , , u i- 

The copper sulpluite must lie anhydrous, and can lx!.st be obtained by heating very 
thin layers of the pure blue crystals in an oven for about five hours at 21.> C. 

Adhere strictly to the directions of keeping the tcmiKirature m the n.ask at 221) V-., 
as that temiierature will give the maximum recovery. • 

The bottles “A,” “B,” “C” and “D” are for the purpo.se of thoroughly dmng 
the air. “G” contains strong sulphuric acid, prepared as suggested aliove. li is 
filled with gla.ss beads, to remove sulphuric acid sprey: I and J are empty tulies 
which should be thoroughly dry. The gas is completely absorbed in tube K. 
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Colorimetric Determination of Fluorine—Method of Steiger* 
and Merwin* 

The method is based on the bleaching action of fluorine upon the yellow 
color produced by oxidizing a solution of titanium with hydrogen peroxide. 
A known amount of titanium in solution is mixed with definite volume of the 
solution containing the fluorine and the tint compared with a standard solution 
containing an equivalent amount of titanium. The extent of bleaching enables 
the computation of the fluorine present. The method is applicable to deter¬ 
mination of fluorine in amounts ranging from 0.00006 to 0.01 gram. Merwin 
has shown that large amounts of alkali sulphates have a bleaching action 
similar to fluorine. Addition of free acid, or rise of temperature, intensifies 
the color lost by bleaching. Aluminum sulphate has no marked effect on standard 
solutions, or on solutions bleached by alkali sulphates, but it restores the color 
to a considerable degree to solutions bleached by fluorine. Ferric sulphate has 
a similar effect. Phosphoric acid bleaches a standard solution. Silica has little 



effect. According to Merwin an accuracy of 0.002 gram may be expected, an 
error which is half that of the most reliable gravimetric method. 

Reagents. Standard Titanium Solution. An intimate mixture of 1 gram 
of TiOi and 3 grams of atiunonium persulphate is heated until the vigorous 
action has ccastHl, and the ammotiiuin sulpliatc is expelled. The residue is treated 
with 20 cc. of strong sulphuric acid, heated to fuming and, when cold, poured 
into about S(X) cc. of cold water. When the suspended salt has dissolved, 
57.5 cc. of strong sulphuric acid are added, and the solution made up to 1000 
cc. (50 cc. or more of the solution should be analyzed for TiOj). One cc. will 
contain 0.001 gram TiOj. 

Standard Fluorine Solution, 2.21 grams of sodium fluoride, which has been 
purified by rccrystallizing, wa.shing, and igniting strongly, is dissolved in 1000 
cc. of water. One cc. will contain 0.001 gram fluorine. 

‘ G. Steiger, Jour. Am. Chem. Soc., 30, 219, 1908. 

• H. E. Merwin, Am. Jour. Sci. (4), 28, 119, 1909. Chem. Abs., Z, 2919 (1909). 
J. W. Millor, “A Treatise on Quantitative Inorganic Analysis.” Chas. Griffin A Co. 
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Sulphuric Acid. 95.5% solution, gp.gr., 1.84. 



Hydrogen Peroxide. Ordinary strength. 

Standard Colored Solution. The solution used in determining fluorine in 
materials fused with alkali carbonates eoiitains 10 cc. of the titanium solution, 
4 cc. of hydrogen peroxide, and 4 cc. of concentrated s\ilplmric acid. 

Apparatus. Nessler Tubes 6 cm. long, 2.7 cc. in diameter are recommended 
by the authors. Colorimeters may ho used in place of Xessler tubes. A very 
suitable type for this purpo.se is shown on page 2.S3, Fig. 4.'}. 

Procedure. Two grams of the powdered sample are fusi^d with 8 grams 
of mixed sodium and potassium carbonates, the fusion taken up with hot water, 
and when leached, 3 to 4 grams of ammonium carbonate added. The mix is 
warmed for a few minutes and then heated on the water bath till the ammonium 
carbonate is decomposed and the bulk of lirpiid is small. Silica, ferric oxide, 
and alumina oxide are thrown dowi and are removed by filtration. The filtrate, 
which should not exceed 75 cc., is treated with 4 cc. of hydrogen i)eroxidc, and 
then 10 cc. of standard titanium solution cautiously added (HjOt prevents 
precipitation of TiOj by the alkali carbonates), followed by 4 cc. of strong sulphuric 
acid to neutralize the alkali carbonates. The sohition, neutral or slii^tly acid, 
acquires a light orange tint. A little sodium carbonate is added in just suf¬ 
ficient amount to discharge the color, and then a drop or so of acid to again 
restore it. The amount of excess acid now required depends upon the amount 
of fluorine present in the .solution. For amounts of fluorine less than 0.0025 
gram (0.125% of sample), 3 cc. of acid are added. For amounts of 0.0025 to 
0.012 gram fluorine, 12 cc. of acid arc added. The solution is diluted to 100 cc. 

Comparison. The test solution is now compared with the standard solu- 
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tion containing 10 cc. titanium reagent, and the same amount of acid and 
hydrogen peroxide as in the test sample, in a volume of 100 cc. If Nessler tubes 
are used, these are held over a white surface illuminated with diffused light. 
In the absence of a bleaching substance, such as fluorine, the two solutions will 
have the same tint, but in presence of fluorine the bleaching effect will cause 
the test solution to appear paler than the standard. The depths of the liquids 
are adjusted so that the tubes will have the same intensity of color when moved 
from right to left or reversed. Should the left eye perceive a darker shade, the 
tube on the left will appear uniformly darker whether it be the test sample or 
the standard. The comparative depths of the liquids in the tubes are measured 
and the ratio obtained by dividing the depth of the fluorine solution by the 
depth of the standard and multiplying by 100. Reference may be made to the 

plotted curve shown in Fig. 38. The ratio ' j ^ 100= the 

Depth of Standard 

abscissa, while the ordinate rcpre.sents the amount of fluorine in the 2-gram 
sample. 

Example. Suppose the test solution=3.6 cc. and the standard=4.5 cc., 
the ratio then=80, from the curve it is evident that the fluorine=0.00095 
gram or 0.0475%, since a 2-gram sample was taken. 

Notes. 1. The do.struction of ammonium carbonate i.s necessary because ammo¬ 
nium sulphate bleaches the final solution and should l)C absent. • 

2. Changes of temixirature of .50“ C. intensify the color 5 to 15%. 

3. Increasing the acidity tends to nistoro the bleached color. 

4. The same ratios are obtained by dividing the final volume of the standard by 
the volume of the test in ca.ses in which a colorimeter is used which re(iuircs the standard 
to be diluted. 

According to Merwin, however, the bleaching effect of alkali sulphates, which are 
present, will make the ratio much higher than it would be if they were absent. (The 
sulphates alone give a ratio of 125.) 'I’his ratio should Ix! determined on two 8-gram 
portions of the alkali carbonate mi.xture used in the finsion and the correction made 
accordingly. If this ratio is repro.scntcd by m and r is the ratio of the two solutions, 
then (r—m)-i-23,000 = g. F for amounts of fluorine not exceeding .(X)25 g. (3 ec. HjSOi, 
22° C., 4 cc. Hj()j, .01 g. TiO,). If the fluorine amounts to .0025 to .012 g., then 12 cc. 
HjS 04 is added and the formula required is (r—m—3)-!-ti300=g. F’ (m l)lunk should 
Im) determined and should nut much exceed 108). In absence of sulphates the following 
formulas are given— 

(«) (r —100)-7-70,000 = g. F, with .5 cc. lIjSOo limits of F = .00005 to .001 g. 

(h) (r —100)•1-22,000 = g. F, with 3.5 cc. lIjSOj, limits of F=.001 to .004 g. 

Example (a) if r = 142, then (142 -100)-h70,000 = .0006 g. F. 
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THE VOLUMETRIC DETERMINATION OF FLUORINE ‘ 

Two procedures are suggested—a rapid method depending upon the 
estimation of fluorine from the percentage of calcium present with fluorine, 
the calcium combined with commonly occurring substances being extracted 
by glacial acetic acid; and a procedure that depends upon separation of 
fluorine from its combination by converting it to soluble alkali salt and re- 
precipitating it from solution by addition of a known amount of calcium salt, 
the excess of the calcium being converted to oxalate and so determined, the 
amount combined with fluorine being thus estimated and the equivalent 
fluorine calculated. 

Reagents 

Calcium Acetate (0.25 N solution). 12.51 grams of pure calcium carbonate 
are dissolved in 500 cc. of water and 75 cc. glacial acetic acid (large beaker 
necessary) and the acetate formed is placed in a graduated flask and diluted 
to 1000 cc. The solution is standardized by precipitation of the calcium 
oxalate in an aliquot portion (40 cc.) and titration with standard potassium 
permanganate. Exact normality is recorded. 


1 cc. 0.25 N solution = 0.005 gram ca.cium. 


Potassium Permanganate (0.25 N solution). 7.91 grams of pure crystals 
(KMn 04 ) per liter are standardized against 0.07 gram of pure sodium oxalate 
equivalent to 40 cc. 0.25 N solution. Exact normality is recorded. 

Sodium Oxalate (0.25 N solution containing 16.75 grams of the salt per 
liter). Solution is best effected in hot water. (Solubility, 3.22 grams per 
100 cc. at 15° C.) 

Preliminary Procedure 

(a) Minerals Containing Phosphates or Sulfates. One gram of the finely 
powdered mineral, ore, or calcium fluoride salt is extracted with .50 cc. of 
dilute acetic acid (1 part glacial, 10 parts water) by gently warming for 15 to 
20 minutes with stirring. The residue, transferred to a small, aslile.ss filter, 
is washed with about 50 cc. of w.ater making the total extract 1(K) cc. (Save 
for calcium determination, if desired.) The filter and residue are dried rapidly 
by spreading out on a watch gla.s.s. The fluoride is carefully transferred onto 
a sheet of glazed paper, the filter ignited, and the ash added to the fluoride. 
The residue is fused as directed under Fusion. 


Notk. For exact work an allowance has to made for the solubility of the calcium 
fluoride. The following solubilities were found, 0.,5-grani samples of material being 
taken and treated with 100 cc. of acetic acid of the strength stated. 


Acid H,0 CaF, 

1 part 2 parts 0.0103 

1 part 10 parts 0.0144 


CaCOa Ca.Pf), CaSOj 

Very soluble 0.240 0.084 

Very soluble 0.276 0.170 


(b) Phosphates and Sulfates Absent. No acetic acid extraction is neces- 

sttry > • 

(c) Sulfides Present. Sulfur as sulfide occurs generally combined with 
iron, copper, cobalt, etc. No special procedure is necessary here, as the 
sulfide is oxidized later. 

‘By Wilfred W. Scott. Reprinted from Industrial and Engineering Chemistry, 
Vol. 16, No. 7, page 703. July, 1924. 
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Fasion. Five grams of sodium carbonate and 10 grams of potassium 
hydroxide, placed in a 50 to CO-cc. silver or iron crucible, are brought to quiet 
fusion, and allowed to cool until a crust forms over the melt. Half a gram 
of the fluoride sample is intimately mixed with 0.5 to 1 gram of powdered 
silica prepared as outlined above (powdered sand free of fluorine will do), and 
placed in the crucible over the fusion. The crucible is covered and heat 
applied to bring the contents of the crucible to molten temperature. (High 
heat is not necessary.) Complete decomposition is effected in half to three- 
quarters of an hour. The crucible should be agitated frequently during 
fusion to mix the contents. 

Note. Calcium fluoride is not so easily decomposed as many existing methods 
indicate. Hydrochloric acid apparently dissolves the mineral, hut on dilution calcium 
fluoride precipitates. Sulfuric acid and |X)ta.ssium acid sulfate fusion is far from satis¬ 
factory; platinum is required and a loss due to bumping is liable to occur. Complete 
decomposition by acid treatment is frequently doubtful. The alkali fusion appears to 
bo the best method for dccom|>oHing the fluoride. 

If the mass is in molten condition, it may be poured in the lid of the crucible; 
if too viscous to pour, it is spread over the inner surface of the crucible by 
rotating the crucible over the flame. The material is now disintegrated and 
removed from the crucible and lid by action of about 200 cc. of hot water in 
a 500-cc. beaker. Ten cubic centimeters of hydrogen peroxide are added and 
the solution is boiled for about 5 minutes. 

Note. Fusions made in silver disintegrate more readily than those made in iron. 
Calcium carbonate tends to adhere to the walls of the crucible. 

Boiling the solution expels the excess of peroxide, which interferes in the oxalate 
precipitation of calcium, if left in solution. Huliidus, iron, and other oxidisabic materials 
are oxidized by the (xinixide. 

The solution containing the excess of sodium carbonate, potassium hy¬ 
droxide, alkali fluoride, and the greater portion of the silica is filtered off; 
the residue, containing calcium carbonate (or phosphate if jiresent in the fused 
material), silver, iron, some silica (10 to 15% of total), etc., is washed with 
hot water (10 times) and the washings are combined with the first filtrate. 
The residue is used for Procedure A, the filtrate for Procedure B. 

Note. Should phosphates lie present in the material, the greater portion will 
remain in the residue, and a small amount will piuss into the liltrute us sodium salt. 

Ca,(PO,),+3Nn,CO,^3CaCO,+2Na,P04. 

Procedure A —Determination of Calcium and Equivalent Fluorine 

The residue washed into a beaker is dissolved in hydrochloric acid (200 cc. 
of water, 20 cc. HCII). If any gritty material remains, it is advisable to fuse 
this with about 2 grams of sodium carbonate and 3 to 5 grams of ]x)tassium 
hydroxide, repeating the extraction with water; the residue is dissolved in 
hydrochloric acid and added to A and the water extract to B. The free acid 
is neutralized with ammonia, the solution heated and filtered, and the residue 
washed. Calcium passes into solution, iron (and silver) remains on the filter. 
(The crucible should be rinsed out with dilute hydrochloric acid, as calcium 
carbonate may adhere to the walls of the vessel.) 

Note. A small amount of calcium is liable to be occluded by the hydroxide of 
iron. If ^8 is present in appreciable amount, it is necessary to dissolve this in hydro¬ 
chloric acid, re^cipitate with ammonia, and filter, adding the filtrate to the main 
portion contaimng calcium. 
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Calcium is now precipitated from the filtrate by adding 0.25 N sodium 
oxalate. About 60 cc. are necessary for 0.5 gram of calcium fluoride (fluorspar). 
After heating to crystallize the oxalate, the calcium is filtered oft, washed 
with water (6 times), dissolved in water containing sulfuric acid (200 cc. 
HjO+10 cc. H 2 SO 4 ), and titrated hot with 0.25 N potassium permanganate. 

1 cc. 0.25 N KMn 04 = 0.005 gram Ca and 0.00474 gram F. 

Note. If the mineral was extracted with dilute acetic acid (1 : 10) to remove 
calcium phosphate, carbonate, or sulfate, an allowance should lx: made for the solubdity 
of calcium fluoride of approximately 0.014 gram CaF» per 100 cc. extract at 18 C. 

If total calcium is de.sired, the calcium in the extract should l)e detennmed and 
added to the calcium of the fluoride. 


Procedure B—Determination of Fluorine. Calcium Acetate Method 

The alkaline filtrate (water extract of the fusion) contains the fluorine, 
sodium and potassium salts, and silicic acid. 

The filtrate is heated to near boiling and sufficient 0.25 N calcium acetate 
reagent is added to precipitate all the fluorine and about 5 to 10 cc. excess 
(60 cc. per 0.5 gram CaFa). Glacial acetic acid is now added until faintly 
acid (if the solution is alkaline, litmus paper test) and then an excess of 1 cc. 
per 100 cc. of solution. The heating is continued for about 5 minutes. 

Note. Upon addition of the calcium acetate, calcium rorbonate also prccipitat^ 
with calcium fluoride. When the solution liccomes acid, the carbonate « 

the aciditv is correct the precipitate settles readily and is easily filtered, hhould it DC 
finely divfdcd and remain in suspension, the addition 

hydroxide to give an alkaline reaction will coagulate and settle the precipitate. 

The solution ami precipit.ato are transferred to a 500-cc. (or larger) gradu¬ 
ated volumetric flask and, after cooling (18° V.), made to volume then trans¬ 
ferred to a large beaker and the precipitate allowed to settle for a few mm«^- 
An aliquot portion of the clear solution is decanted through a J;*'® “*^.1 
5 to 10 cc. being rejected (several filters may be used to hasten filtration, if 
slow). A measured volume of the filtrate is now taken for the determination 

*Predpitation”and Titration of Calcium. Sufficient 0.25 N sodiuin oxalate 
solution fs added to precipitate the calcium. It is safe to use as °^^‘® 

as the aliquot requires in case no calcium wius removed by J'®""® ^®- 

if one-half the total solution represents the aliquot then ^ 

added. The author prefers to precipitate the calcium from a ac®ti® 

acid solution (about 0.5 cc. free glacia acetic acid per 100 cc ). This is the 

aciditv of the solution obtained on adding calcium acetate and acetic acid, 
as directed, no alkali being added, as suggested, for settling stubborn calcium 

ralate is coagulated by heating, then f^l^ToSiiTteg 

titrated with 0.25 N potassium ml 1 hot wate? 

sulfuric acid. The oxalate is best dissolved from the filter by hot water 

containing sulfuric acid. 

1 cc. 0.25 N potassium permanganate=0.005 gram calcium. 
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Calculation. If .4 = cc. 0.25 N calcium acetate, 

71= cc. 0.25 N potassium permanganate, 

Ji!'=factor for converting the aliquot portion of solution 
taken in the calcium determination to total solution. 

Then A cc.—XIi cc. = cc. 0.25 N calcium acetate required by fluorine. 

The difference multiplied by 0.005= calcium combined with fluorine, or 
multiplied by 0.006=equivalent fluorine (CaX1.2=F). (See Discussion.) 

CoiiiiKCTroN. OwinR to the slight solubility of calcium fluoride and possibly to 
the formation of a complex compound, calcium fluoride with a fluosilicate, a corrective 
factor seem-s to l )0 necessary, the ratio of calcium to fluorine l)eing 40 ; 48, rather than 
the ratio represented in the formula CaFa. 

Procedure C—Determination in Alkali Fluorides 

Decomposition. 0.5 to 1 gram of the alkali fluoride is dissolved in about 
100 cc. of hot water. 

Precipitation. The fluorine is precipitated by adding, from a buret, a 
known amount of 0.25 N calcium acetate in sufficient amount to precipitate 
all the fluorine, and then 5 to 10 cc. in excess. If the solution has not become 
acid by addition of the reagent, make it so by adding acetic acid. The solution 
and precipitate are transferred to a 250-cc. graduated flask, and after cooling 
arc made to volume and well mixed. An alicpiot portion is now filtered through 
a fine-mesh filter (rejecting the first 5 to 6 cc.). A measured jiortion (half 
the original total is recommended) is heated to boiling, and calcium is precipi¬ 
tated by adding an excess of sodium oxalate. The solution is neutralized 
with ammonia and the calcium oxalate filtered off, washed, and titrated with 
0.25 N potassium permanganate, according to the standard procedure. (See 
Precipitation and Titration of Calcium.) 

Calculations of Fluorine. 

If A = total cc. of 0.25 N calcium acetate, 

B—ce. of 0.25 N potassium permanganate required by the calcium in 
half the total volume. 

Then A—277= per cent fluorine per half gram sample or A—277X0.005 
X0.948=gram fluorine. 

Notes. It appears that the compound formed by addition of calcium acetate to 
the soluble fluoride is CaFj; it is thus jKissible to use the conversion factor 0.948 for 
converting the cidcium, combined with fluoride, to its equivalent fluoride. 

The method does not distinguish fluorine combined as a fluosilicate from fluorine 
oombined os a fluoride. 

The ^st method for decomixising fluorspar or cidcium fluoride was foimd to be by 
fusion with sodium and )Kitassium carlxmatcs, sodium carbonate and potassium hy¬ 
droxide, or sodium or potassium carbonate and sodium hydroxide. The presence of 
silica is necessary. 

CaFi is precipitated by adding the calcium acetate reagent to the alkaline solution 
of the fluoride. The calcium carlxinatc, which also forms, redissolves as soon as the 
solution Ixicomcs acid. A hu'Bi amount of acid is to be avoided, as this liberates silicic 
acid, which prevents the settling of the fluoride. When the solution is first acidified 
and the calcium fluoride is then precipitated, the compound settles badly and is difficult 
to filter. 8hou|d the fiuoride be difficult to settle, it is preferable to make the solution 
alkaline by addition of sodium or potassium hydroxide, rather than to add an insoluble 
substonco to carry down the flocculent material. The alkali treatment coagidates the 
fiuoride (probably dissolving silicic acid) and causes rapid settling. 
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VALUATION OF FLUORSPAR 


The following procedure, worked out by Dr. Ridtel,’ meets the commercial 
requirements for the valuation of fluorspar. The determinations usually required 
are calcium fluoride, silica, and calcium carbonate; in some particular cases 
lead, iron, zinc, and sulphur. 

Ihocedure. Calcium Carbonate. One gram of the finely powdered sample 
is placed in a small Erlenmeyer flask, 10 cc. of 10% acetic acid are added, a 
short-stemmed funnel inserted in the neck of the flask as a splash trap, and 
the mixture heated for an hour on a water bath, agitating from time to time. 
The calcium carbonate is decomposed and may be dissolved out as the soluble 
acetate, whereas the fluoride and silica are practically unaffected. The solution 
is filtered through a 7-cm. ashless filter, the residue washed with warm water 
four times, and the filter burned off in a weighed platinum crucible at as low 
a temperature as possible. The loss of weight minus 0.0015 gram (the amount 
of calcium fluoride soluble in acetic acid under the conditions named) is reported 


as calcium carbonate. 

Silica. The residue in the platinum crucible is mixed with about 1 gram 
of yellow mercuric oxide, in form of emulsion in water (to oxidize any sulphide 
that may be present); any hard lumps that may have formed are broken up, 
the mixture evaporated to drj’ness and heatt^d to dull redness, then cooled 
and weighed. About 2 cc. of hydrofluoric acid are added and the mixture 
evaporated to dryness. This is repeated twice to ensure comphde expulsion 
of silica (as 8(1%). A few drops of hydrofluoric acid are then added, together 
with some macerated filter paper, and a few drops of ammonium hydroxide to 
precipitate the iron. The solution is evaporated to drjmess, heated to dull 
redness, cooled and weighed. The loss of weight is reported as sibra. 

Calcium Fluoride. The residue is treated with 2 cc. of hydrofluoric acid 
and 10 drops of nitric acid (to decompose the oxides), the crucible covered and 
placed on a moderately warm water bath for thirty minutes, the hd then 
removed and the sample taken to dryness. The evaporation with hydrofluoric 
acid is repeated to ensure the transposition of the nitrates to fluorides, and if 
the residue is still colored, hydrofluoric acid again added and the mixture taken 
to dryness a third time; then a few drops of hydrofluoric acid are added and 
10 cc. of ammonium acetate solution (the acetate solution is by neutral¬ 

izing 400 cc. of 80% acetic acid with strong ammonia, adding 20 grams of ciUic 
acid and making the mixture up to 1000 cc. with strong amnion mm hydroxide) 
The mixture is digested for thirty minutes on a boiling water bath, then filtered 
and washed with hot water containing a small amount of ammonium acetate, 
and finally with pure hot water. (Several washing by decantation are adv^ 
able.) The residue is ignited in the same crucible and weighed as caktumfiuonde. 
An addition of 0.0022 gram should be made to compensate for loss of Uat,. 

Pure calcium fluoride is white. To test the purity of the residue, 2 cc. of 
sulphuric acid are added and the material taken to fumes to decompo^ the 
fluoride; 1 cc. of additional sulphunc acid is added and the exc^ of acid 

expelled by heating. The residue is weighed as calcium sulphate. This is now 
£ with sodium carbonate, and the fusion treated x«th hydr^hlonc acid 
in excess. If barium is present the solution will be cloudy( -BabU,.) 

‘ Dr. E. Bidtel, Jour. Ind. Eng. Chem., Vol. 4, No. 3, March, 1912. 
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ANALYSIS OF SODIUM FLUORIDE 

Preparation of the Sample and Insoluble Residue. Ten grams of the 
sample are dissolved in 250 cc. of water in a beaker, and boiled for five minutes, 
then filtered into a liter flask through an ashless filter; the residue is washed with 
several portions of water and ignited. This is weighed as insoluble residue. 
The filtrate and washings are made to 1000 ec. with distilled water. 

Sodium Fluoride. Fifty cc. of the solution equivalent to 0.5 gram of 
sample are diluted to 200 cc. in a beaker, 0.5 gram sodium carbonate is added 
and the mixture boiled. An excess of calcium chloride solution is now added 
slowly and boiled for about five minutes. A small amount of paper pulp is 
added to prevent the precipitate from running through the filter, the precipitate 
allowed to settle and then filtered, using a 9-cm. S. & 8. 690, or B. & A. 
grade A, filter paper. The fluoride is washed twice by decantation, and four 
or five times on the filter with small portions of hot water. The final washings 
should be practically free of chlorine. 

The residue is ignited in a platinum dish, then treated with 25 cc. of acetic 
acid, and taken to dryness. This treatment is repeated and the residue taken 
up with a little hot water and filtered. The calcium fluoride is washed free of 
calcium acetate with small portions of water, remembering that CaFj is slightly 
soluble in water. The ignited residue is weighed as CaF,. 

CaF,X 1.07.57 = NaF. 

Sodium Sulphate. To the filtrate from calcium fluoride is added 10 cc. 
hydrochloric acid and then a hut solution of barium chloride. The BaSOi is 
allowed to settle, filtered, washed, dried, ignited, and weighed as usual. 

BaSO,X0.60S6=Na2SO«. 

Sodium Carbonate. Sodium carbonate is determined on a 5-gram sample 
by the usual method for carbon dioxide as describetl in the chapter on Carbon. 

Approximate results may be obtained by adding a small excess of normal 
sulphuric acid to 5 grams of tlic fluoride in a platinum dish, boiling off the carbon 
dioxide, and titrating the excess of acid with normal caustic, using phenolphthalein 
indicator. 

One cc. N. H,S 04 =0.053 gram NaaCOi. 

HaSOaX 1.0816 =NoaCO,. 

Sodium Chloride. Fifty cc, of the sample is titrated with N/10 AgNOa 
solution. 

Silica. This is probably present as sodium fluoride and silicate. One gram 
of the sample is dissolved in the least amount of water and a small excess of 
hydrofluoric acid added to convert the silicate to silico-fluoride, then an equal 
volume of alcohol. After allowing to stand for an hour, the precipitate is filtered, 
washed with 50% alcohol until free of acid and the filter and fluoride are placed 
in a beaker with 100 cc. of water, boiled and titrated with K/10 NaOH. 

One cc. N/lONaOH =0.0015 gram SiOi or 0.0047 gram NaiSiFf. 

Volatile Matter and Moisture. One-gram sample is heated to dull redness 
to constant weight. Loss of weight is due to moisture and volatile products. 
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Determination of Traces of Fluorine 


Immerse fo ihis 
DepfhinOil »* 


An approximate estimation of traces of fluorine may be made by utilizing 
the method outlined for detection of this element. By varying the amounts 
of substance tested, an etch is obtained that is comparable with one of a set 
of standard etches, obtained with known amounts of fluorine in form of 
calcium fluoride, added to 

the same class of material f * 

examined. 

The conditions in ob¬ 
taining the standard etches 
and those of the tests should 
be the same. This applies 
to the temperature of the 
paraffine bath, duration of 
the run, size of mark ex¬ 
posing the surface of the 
test-plate, and the general 
mode of procedure. 

One gram of sample is 
placed in a lead bomb with 
12 cc. of sulphuric acid, 
the bomb closed with glass 
plate in place and heated in 
an oil bath for 4.5 minutes 
at 165° C. The etching on 
the glass plate is compared 
with etching using known 
amounts of fluorine as CaFj 
and the same kind of glass. 

The glass plate is kept 
cool by circulating cold 
water. The type of bomb 

and its connections arc shown in Figure 38o. Fio. 38a. 

Note. The importance of regulating.the 
obtained by Woodman and Talb^. tVith a the 

fluorine may be detected in 25 to 100 thousand parts of material, by rmsmg tnc mm^r 

Xre to 13^° C., the delicacy of the proirodurc is ‘?Xt’^lL21^T (1 e 

1 to 5 million pdrts.. The limit of delicacy is apparently reached at -13-218 C. O.e.. 

1 part F ^r 25 million). mwimmended for mercury determinations, may be 

““"“is claimed to be better than paraffine, as this does not give off any unpleasant 
fumes when heated. 
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DETECTION 

Because of the limited application and tediousness of wet methods, the 
detection of a small quantity (2 parts per million or less) of gold in a mineral or 
base metJ is most iwsitivcly carried out by furnace methods of assaying. 
Wet methods of detection of traces of gold can be applied only to .solutions free of 
colored salts and elements precipitated by the reagents employed. As a rule, 
in the treatment of an unknown substance, advantage is taken of the solubility 
of most metals and their compounds, and insolubility of gold by one of the mineral 
acids. 

Detection of Gold in Alloys. In metals or alloys which produce colorless 
solutions with dilute nitric acid, gold, in the absence of other insoluble matter, 
exhibits itself as a black or brownish residue which settles readily, and from which 
the liquid can be separated by careful decantation. If unossociated with metals 
of the platinum group, this residue will become yellowish brown on heating with 
strong nitric acid. 

In copper, nickel and such alloys, which leave a residue of sulphur, carbon or 
silicious matter on treatment with dilute nitric acid, the solution is filtered through 
double ashless filters and the filter and re.sidue incinerated in a porcelain crucible. 
The residue, which may require pulverizing, is digested for a few minutes with 
aqua regia, and the dilute, filtered solution ovaiX)rated to clryne.ss by heating 
below 200° F. Just ns soon ns dry, the ina.ss is moistened with the least quantity 
of hydrochloric acid and the purple of Cassius test applied to its water solution 
in a small volume. This test is made by adding a solution of stannous chloride, 
containing stannic chloride. In strongly acid and concentrated gold solu¬ 
tions a precipitate of brown metallic gold is obtained. If the solution is but 
slightly acid and dilute, n reddish purple color is produced by colloidal gold and 
the stannic acid. The tint fades on standing. Addition of ammonia produces 
a red coloration. 

This test applied to 1 part of gold in 600,000 of solution will impart a per¬ 
ceptible shade; to double this quantity, a mauve color. When gold is present in 
somewhat greater proportion a flocculent precipitate will form. 

Test for Gold In Minerals. From minerals, in which the metal exists in unal¬ 
loyed, or uncombined state, gold may be extracted by iodine in potassium iodide 
solution, or by chlorine or bromine water. All minerals containing sulphides 
should be roasted. In natural or roasted state the sample should be ve y finely 
pulverized, and usually yields the gold best if first digested with nitric acid and 
washed free of soluble salts. The sample in a flask is covered with bromine 
water, the flask closed with a plug and shaken frequently during a period of three 
Chapter contributed by W. G. Derby. 
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or four hours. The purple of Cassius test is i pplied to the extract, removed by 
decantati n after > on entration. 

If it is evident that base metals are present in the bromine water extract in 
quantity sufficient to mask the purple of Cassius test, hydrogen peroxide is added 
to the concentrated liquid, slightly alkaline with sodium or potassium hydroxide 
or carbonate.* After boiling the solution until hydrogen peroxide is removed, 
precipitated hydroxides or carbonates are dissolved by hydrochloric acid. Gold in 
exceedingly small quantity exhibits itself as a light-brown residue on a fine filter. 
This indication should be confirmed by a purple of Cassius test on the aqua regia 
solution of the residue; the test carried out in the same manner as on the residue 
from a solution of a metal. 

Benzidine Acetate Te»t». Maletesta and Nola • make use of benzidine acetate 
(1 gram benzidine dissolved in 10 cc. acetic acid and 50 cc. water) as a reagent in 
the detection of gold and platinum in quite dilute solutions. Gold gives a blue 
coloration which gradually changes to violet. The coloration is green in the 
presence of free acetic acid, changing to blue with addition of benzidine in excess. 
Platinum gives a blue flocculent precipitate, the formation of which is pro¬ 
moted by heating. Free mineral acids have no influence on the gold and retard 
the platinum reaction only in the cold. Since ferric salts give a blue colora¬ 
tion, stable only in excess of benzidine, their absence must be assured before 
application of the test for the precious metals. The limit of sensitiveness 
of the test is 35 parts for gold and 125 parts for platinum per 10,000,000. 

Phenylhydrazine Acetate Test. E. Pozzi Escot* adds phenylhydrazine 
acetate to a very dilute gold solution which contains an excess of an organic acid 
(formic or citric). A violet coloration, permanent for several hours, is imparted. 
The depth of color is proportional to the quantity when the gold is present in less 
amount than one part in 500,000. 

ESTIMATION 


Solubility 


Gold in massive form is practically insoluble in pure nitric, sulphuric or hydro¬ 
chloric acids, but in the presence of oxidizing agents, is attacked appreciably by 
sulphuric, and actively by hydrochloric acid. Gold is found in minute quantity 
in the nitric acid * solution of its alloys and in such as contain selenium, the 
amount may be a large part of the total present. 

Gold is attacked energetically by aqua regia. Large amounts of gold are 
dissolved with requirement of least attention when the proportion of hydrochloric 
acid is several times that of the aqua regia formula, (3HC1 : IHNOi). 

Gold is dissolved by solutions of chlorine or bromine, by alkaline thiosulphate^; 
in the presence of free oxygen by iodine in potassium iodide solution, by soluble 
cyanides, by fused potassium or sodium hydroxide; by fused potassium or sodium 
nitrate or sulphide. In a finely divided sUte, it is dissolved by a solution of potas¬ 
sium' or sodium hydroxide. 

Gold alloys quickly with molten lead. When in the form of bright, untarnished 
particles it alloys readily ■with mercury. 


Vanino and Seeman, Berichte, 82, 1968; Ro^er, Zeit. Anid. Chem., 49, 733. 


Eng., 97,68L 
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GRAVIMETRIC METHODS 

Gold is always weighed in metallic state, and is determined most accurately 
in the form of the mass obtained by dilute nitric acid treatment of the silver 
alloy resulting from the operation of cupellation in the method of assaying by 
furnace processes. On account of tediousness in making complete separation 
from associated metals, and of uncertainty in collection of the product in a 
form suitable for accurate weighing, direct precipitation methods are never used 
for the valuation of gold-bearing material, but may be applied to the estimation 
of gold in plating baths, the Wohlwill parting electrolyte and solutions of similar 
type. 

Precipitation ol Cold. From such solutions of auric chloride, slightly acid 
with hydrochloric, freed of oxidizing agents by evaporation and displacement with 
hydrochloric acid, and containing but little of the salts of the alkalis or alkali 
earths, gold is separated from other than occluded platinum and palladium by 
precipitation with oxalic acid, ferrous sulphate, or hydrazine hydrochloride. The 
reactions are hastened by heat. When salts of the alkalis or earths are present, 
equally good separation and more complete precipitation can be obtained 
by addition of excess of sodium peroxide, boiling vigorously for a few minutes 
and then acidifying with hydrochloric acid. The precipitated metal is collected 
on an ashless filter paper, and after drying, weighed. 

Gold precipitated from a very weak solution is in such fine form that it is not 
iriiolly retain^ by the finest paper. 


Wet Gold Assay of Minerals 


A wet gold assay, suitable for prospector’s use,' is carried out by covering one 
assay ton (29.17 grams), of the finely pulverized natural or roasted ore, in a por¬ 
celain mortar, with 60 cc. of a solution of 2 parts of iodine and 4 parts potassium 
iodide in 100 cc. of water. Sulphide ores should be roasted and digested with 
nitric acid before treatment with the iodine solution. Simila.' treatment is 
advantageou-sly applied to all ores. The ore is ground in contact with the iodine 
solution and additions of the halogen are made whenever the liquid becomes color¬ 
less. The solution is then allowed to stand at least an hour. To the filtrate 
and washings from the pulp, in a glass-stoppered bottle or flask, are added 6 
,* gra)^ of gold free mercury. The liquid is shaken vigorously with the mercury 
until clear. ITie mercury is then transferred to a .small porcelain casserole, 
washed with clean water and dissolved by warming carefully with 10 cc. nitric 
acid. The gold mass is washed free of nitrate of mercury by decantation, dried 
and annealed by heating in a casserole over a Bunsen flame, and the metal 
weired. Each milligram represents an ounce per ton. Results obtained by this 
method of assaying are usually more than 50 per cent of the actual gold content. 

Electrolytic Method. The gold content of a cyanide plating bath containing 
no potassium ferrocyanide may be estimated by electrolysis.* 

Procedure. A measured quantity, 25 to 60 cc. in a tared platinum dish, is 
diluted to 1 cm. of the rim of the dish and using a carbon or platinum anode, elec- 


* De Luce, Min. Sci. Press, 10^ 895; Hawson, Min. Sci. Pr^, 100, 936; Davis, 
Mines and Minerals, Oct., 1910, Feb., 1911; Austen, Inst, of Min. and Met., May 
81, 1911. 

• Electro Deposition of Metals, Langbein. 
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trolyzed for about three hours at a current density NDih xO.OG? amp. (.0.0043 per 
square inch). Completion of deposition is recognized by the lack of any deposit 
within fifteen minutes, on a platinum strip suspended on the rim of the dish. The 
dish plus gold deposit is washed, rinsed with alcohol, dried at 212° and when cold 
weighed. 

The following is a summary of the conditions of deposition of gold in compact 
form as described by Classen ' 3 grams potassium cyanide were added to a gold chloride 
solution containing 0.0545 grams of gold in 120 cc. This solution heated to aliout 55° C. 
when electrolyzed at a current density of NDioo= 0.38 amp. (0.024 amp. per square inch) 
with a potential difference of 2.7-4.0 volts, deposited its gold content in one and a 
half hours. Time required for deposition is tripled if the electrolyte is at room tem¬ 
perature. 

Miller* deposited 0.1236 gram of gold in two and a quarter hours from 125 cc. 
of electrolyte at 50° C. containing 1 gram |K)tas.sium cyanide by a current of NDioo"” 
0.03 amp. (0.002 amp. per square inch) and 2.5 volts. 

Perkin and Preble • use an electrolyte containing ammonium thiocyanate in place of 
potassium or sodium cyanide. 

Gold is removed from the platinimi electrode by warming with a solution of chromic 
anhydride in a saturated salt solution,* or with a solution of )>otas.sium cyanide con¬ 
taining some oxidizing agent as hydrogen peroxide, sodium peroxide or alkali per¬ 
sulphate.* 


VOLUMETRIC METHODS 

These methods are applicable to the determination of the strength of chloride 
of gold solution.s used in photography, electro gilding, and a.s electrolyte in the 
Wohlwill parting process. 

Preparation of the Sample. Nitric acid or nitrates in the solutions should be 
removed by repeated evaporations to syrup with addition of hydrochloric acid 
saturated with chlorine. Free chlorine or bromine should be removed by addition 
of ammonia to formation of permanent precipitate, then making the solution 
very slightly acid with hydrochloric acid and heating until the precipitate of 
fulminating gold di.s.solves. The gokl solution should contain but little free 
hydrochloric acid, an excessive amount of which may lie removed by ammonia. 


Permanganate Method 


Weak gold solutions should be concentrated whenever possible. The perman¬ 
ganate method,' which is not applicable when the sample contains organic matter, 
depends upon the titration, after complete precipitation of gold, of the unoxidized 
portion of a measured quantity of an added reagent of a known gold precipi¬ 
tating value. The reagent may lie ammonium or pota.s,sium oxalate, ferrous 
sulphate or ferrous ammonium sulphate in solutions varying from 5 to 25 milligrams 
gold precipitating value and is titrated with a permanganate solution of approx¬ 
imately equal oxidizing strength. One part of gold requires for precipitation 1.08 
of ammonium oxalate, 1.40 of ixitassium oxalate, 4.22 of ferrous sulphate, 5.96 


‘ Classen, “ Quantitative Chemical Analysis by Electricity,” 
»J.A.C.S., Oct., 1904, 1255. 

* Eliec. Chem. and Met. Ind., 3, 490. 


Classen-Boltwood. 


* Classen-Boltwood, “ Quantitative Chemical Analysis by Eleetrioity." 

‘ Rose, “ Met. of Gold,” 5th IM., 469. 

* BuU. Chim. Farmac., 1894, XXX, 111, 35; Oestr. %it. f. Berg, und Hut., 182,1880: 
Sutton, “ Volumetric Ai^ysis," 10th Ed.; E. A. Smith, ” Sampling and AsMying of 
Precious Metals ”; Min. E^. World, 37,853. 
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parts ferrous ammonium sulphate, each in crystalline form. The most satis¬ 
factory precipitations are made with the iron salts. The standard solution of 
either should contain about O.l per cent of sulphuric acid. One part of gold, in 
solution as auric chloride, has an oxidizing value equivalent to 0.4808 part of 
potassium permanganate. 

The precipitating value of 0.2548 gram of dry Sorenson’s sodium oxalate is 250 
milligrams of gold, and by. titrating a solution of this amount of oxalate in 250 cc. 
of water, aciduated with a few drops of sulphuric acid, the oxidizing value of the 
permanganate solution is obtained in terms of gold. 

The value of the precipitating reagent and relative oxidizing value of the 
permanganate solution can be checked very accurately by adding a measured 
quantity of the reagent to an excess of gold chloride, filtering, washing thoroughly, 
incinerating and weighing the precipitate obtained in a tared porcelain crucible. 

Procedure. In carrying out the determination of a gold solution, a meas¬ 
ured or weighed portion is freed of oxidizing agents, a measured amount of the 
standard precipitating reagent added in slight excess of the amount required to 
decolorize the solution, and digestion on a steam bath or hot plate continued until 
the gold settles out, leaving a clear liquid. A few drops of sulphuric acid may be 
then added and, without filtering, titration jierformed. The gold value of the 
quantity of reagent added, minus that found of the excess of reagent, is the gold 
content of the amount of the sample taken. 

Iodide Method 

Small quantities of gold are determined by Gooch and Morley’s iodide 
method.* A measured or weighed jiortion of the gold solution is treated, 
as has been described for removal of oxidizing agents, with an excess of free 
hydrochloric acid. Potassium iodide solution is run into the cold liquid until 
the gold precipitated as aurous iodide is completely di.ssolved. Starch solution is 
then added, and the amount of N/1000 thiosulphate required to decolorize the 
liquid noted. From this amount is deducted the amount of N/1000 iodine 
required to just produce a perceptible rose tint in the lii]uid. 

The reactions involved are AuClj+SKI =AuH-Ij+3K{M and l,-|-2Na«SaOi » 
2NaI+Na.8.0.. 

The gold value of the N/1000 solution of sodium thiosulphate should be deter¬ 
mined by performance of the operations of the method on a known quantity, 
of gold, similar in amount and contained in a volume of solution approxi-.: 
mately equal to that of the analysis. 

Lenher’s Method. By Lenher’s method * of determining gold in solutions free of 
oxidising agents, sulphurous acid of a reducing strength of 2-5 milligrams gold per ce. is 
used'as the reagent. The sulphurous acic^^uires frequent standardizing by means 
of standard iodine or potassium iodide vwch a definite amount of standard per¬ 
manganate has been added or by a gold solution of known strength. Using starch 
as indicator, the iodine liberated by addition of potassium iodide cankhe titrated by 
sulphurous acid. Bromine liberated by potasuum bromide according to the equation, 
AuCli+2KBr=AuCl-|-2KCl+Bri, can be titrated by sulphurous acid. Excess of 
magnesium or sodium chloride gives to auric chloride a yellow color which by sul¬ 
phurous acid can be titrated to the colorless or aurous state. These alkaline salts 
do not interfere in the potassium bromide or iodide reactions. 

*Amer. Jour. Sci., Oct., 1899, 281; Min. and Eng. World, 87, 863; Vol. Am., 
lutton, 10th Ed.: “ Assaying of Precious Metal,” E. A. Smith. ' 

< Jour. Am. Cnem. Soo., June, 1913,736. 
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COLORIMETRIC METHODS 

Practical application of these methods is made in the estimation of gold in 
the liquors produced in the treatment of ores by the cyanide process. 

Prister’s Method 

By Prister’s method' a slight excess of copper solution is added to a 100 to 200- 
cc. portion of a cyanide solution in which the cyanide has been decomposed by 
boiling several minutes after acidifying with hydrochloric acid. Assurance of 
the presence of an excess of copjK'r is made by spot test with a solution of potas¬ 
sium ferrocyanide. 

The copper solution is made by boiling for ten minutes in contact with copper 
shavings, a solution of I part blue vitriol and 2 parts salt in 10 (mrts of water, 
and adding a little acetic acid on cooling. A few drojw of a 1 to 2 % sodium sul¬ 
phide solution are add(‘d, the liquid boiled for five minutes, the precipitate 
allowed to s»‘ttle, and li(iuid separated by decantation on to a filter. The pre¬ 
cipitate in the beaker and on the filter is dissolved with to 3 cc. of a 3 to 6% 
solution of pota.ssium cyanide to which a few drops of potassium hydrate solu¬ 
tion has been atlded. 

Gold is precipitated from this cyanide solution (which may be turbid), by 
addition of 1 to 2 g ams of zinc dust and warming to 100“ F. for half an hour. 
Liquid is s(?parated by decantation through a filter. The residue on the filter 
and in the l)eaker is first treated with hydrochloric acid to dissolve zinc, then with 
10 cc. acjua regia, the reagent Iming passed several times through the filter. 
Stannous chloride solution is then added to the liquid diluted to 20 cc. Com- 
pari.son of the coloration produced is made with that from a standard solution of 
gold treated in the same manner. 

Cassel’s Method. By (’assel’s method * 0..5 gram isitassium bromate. is mixed 
with 10 to 50 cc. of the cyanide solution and coiHs-ntrated sulphuric acid added 
gradually with constant agitation until reaction commences. When the reaction 
stops, saturated solution of stannous chloride is added dropwise until the liquid is 
just colorle.ss. The tint produced is compared with that from a standard gold 
solution treated in the same manner. 

Moir’s Method. By Moir's method ‘ a measureil quantity of the cyanide solution 
is oxidized by addition of 1 to 2 grams of sodium peroxide and boiling. If sufficient 
sodium peroxide is present, the brown spot produced by addition of a few drops of 
lead acetate will immediately dissolve. The lead-aluminum cout>le formed by addi¬ 
tion of aluminum [lowder precipitates gold which is filtered off. To the aqua regia 
solution of the precipitate a solution of stannous chloride is added drop by drop until 
the liquid is dissolved. The purple of Cassius tint developed is comfMirra with •per¬ 
manent standards composed of mixtures of solutions of copper sulphate and cohalt 
nitrate which have been adjusted to shades corresponding to those produced by known 
amounts of gold treated according to the method dcscril)^. 

Bettel • niters suspended matter from the cyanide solution, adds a measured quan¬ 
tity of a strong solution of potassium cyanide which contains some cuprous cyanide and 
precipitates gold by the copper zinc couple produced by addition of a measured quantity 
of zinc fume. The remainder of the method is the same as Prister’s. 

* Proc. Chem. Met. and Min. Soc. of So. Af., IV, 235, 1904. 

* Eng. and Min. Journal. Oct. 31, 1903. 

* Proc. Chem. Met. and Min. Soc. of So. Af., Sept., 1913. 

< Min. World, S3, 102 and Sfi, 987. 
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Dovsett’s * factory test of barren cyanide solutions is capable of detecting 
variation in gold value of I cent per ton in solutions varying from one 
cent to about 15 cents |)er ton. To .500 cc. of the sample in a bottle with slight 
shoulder are added 10-15 cc. saturated sodium cyanide solution, 2 or 3 drops 
saturated lead nitrate solution and 1-2 grams 200-mesh fine zinc dust. The stop¬ 
pered bottle is shaken violently until the precipitate settles rapidly. Inverting 
the bottle allows the precipitate to settle into a casserole. Clear liquid is removed 
by decantation. Zinc is dissolved by hydroidiloric acid added drop by drop until 
reaction ceases. A few dro|)s excess hydrochloric acid and 3-5 drops dilute 
nitric acid (sp.gr. 1.18) are atlded and the liipiid concentrated to 1-2 cc. The 
solution is transferred to a J-in. diameter test-tube, about 1 cc. of stannous chloride 
reagent added and grade of cyanide solution estimated by the tint obtained after 
one or two minutes standing. 1/1000 oz. gold jwr ton of original cyanide solution 
gives a very slight coloration; 1.5/100!/0 a slight yellow; 1/,500 a slight pinkish 
yellow; 3/1000 a strong pink; I /2.50 the purple of CuAsius. Too much nitric acid 
hinders the production and the pre.sence of mercury causes modification of the 
color. No more lead nitrate should be used than is sufficient to produce a rapidly 
settling precipitate. The stannous chloride reagent is a water solution contain¬ 
ing about 12j% crystals and 10% concentrated hydrochloric acid. 

PREPARATION OF PROOF GOLD 

Commercial gold may contain nrseni<!, antimony, selenium, tellurium, copper, . 
lead, mercury, silver, zinc, palladium, platinum and other metals of the platinum 
group. The method of making pure gold deixjnds to a certain extent upon the 
character and quantity of impurities.'" 1'hn method described assumes the 
raw material to be of extreme impurity. The mi;tal is treated in 10-g am portions. 

When the m<>tnl contains silver its solution is elTcctcd most (piickly by rolling 
extremely thin and annealing tefore treatment with acids. 

The strips, in a covered No. 6 casserole on a steam bath, are disisolved with a 
mixture of 5 cc. nitric and 50 cc. hydrochloric acid. If but little silver is present 
the quantity of hydrochloric acid may be decreased to 25 cc. The solution is 
evaporated to dryn<!ss and the civsserole gently heated over a I'unsen flame until 
all the gold is reduced to metal. 

Digestion with ammonia will dissolve most of the silver and eopjxir. After 
decanting the ammoniaeal solution and washing with water, the gold is digested 
with hot nitric acid. If the solution is wine colonxl the digestion is continued 
for several hours, and reheated with fresh jHirtions of acid until the absence of 
color indicates removal of palladium. The gold is now dis.solved with 5 cc. of nitric 
ami 15 to 20 ec. hydrochloric acids, eva{X)rnted to dryness, residue moistened with 
the least quantity of hydrochloric acid, dissolved with about 800 cc. water and 
liquid transferred to a 1000 cc. beaker. After the faint cloud of silver chloride 
settles to the Ixittom of the beaker, the clear liquid only is siphoned to another 
beaker, and allowed to stand another period of several days if it appears at all 
cloudy. The clear liquid is now siphoned into a lOOO-cc. flask and sulphur dioxide 
gas passed until the gold is practically all precipitated. The gold is allowed to 

■ Trans. I.M.M., 1912-13,190; Met. and Chem. Eng., July, 1914. 

•Eng. and Min. Jour., 68, 785, 1899; “Metallurgy of Gold,” Rose, 6th Ed.; Min. 
andSci.Ihess, Nov. 14,1903; “ Manual of Fire Assaying,” Fulton; " Assaying of Pre- 
tioua Metals,” Smith. 
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settle, digested with hot nitric acid for a few minutes, washed by decantation 
several times, redissolved with aqua regia, solution transferred to a casserole, and 
nitric acid expelled by repeated evaporation to syrup with addition of hydro¬ 
chloric acid. The product of the second evaporation is moistened with the least 
quantity of hydrochloric acid, dissolved with water and solution transferred to 
a 1000-cc. beaker or Erlenmeyer flask. To the liquid of about 500-cc. volume is 
added 11 grams of ammonium oxalate crystals. The beaker is permitted to 
remain on a steam bath until reaction is complete. The spongy mass of gold 
is now washed with hot water by decantation until free of salts. 

The gold is dried, melted in a clay crucible which has previously been thinly 
glazed with borax glass and poured out into a mold of charcoal, graphite and clay 
or iron polLshcd with graphite. 

The ingot, which will have a volume of half a cubic centimeter, is cleaned by 
paring with a knife and rolled or hammered into a thin sheet. The rolls or 
hammer should be clean, bright and free of grease. 

The gold, cut into convenient strips, is digested for several hours with hydro¬ 
chloric acid and finally washed thoroughly with distilled water. 

The dried gold thus prepared may be considered 1000 fine. 

FURNACE METHODS OF ASSAY FOR GOLD 

Details of u,ssay for gold and silver by furnace methods will be found 
following the chapter on silver. 
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I, ttt.wt. 126.93; *p. 9 r. 4.948*^‘’; m.p. 113.5°;' b.p. 184.4° C; acUt, HI, 
HIO, HIO„ HIO,. 

DETECTION 

The element may be recognized by its physical properties. It is a grayish 
black, crystalline solid, with metallic luster, brownish-red in thin layers. It 
vaporizes at ordinary temperatures with characteristic odor. Upon gently 
heating the element the vapor is evident, appearing a deep blue when unmixed 
with other gases, and violet when mixed with air. It colors the skin brown. 
Chemically it behaves very similarly to chlorine and bromine. 

Free iodine colors water yellow to black, carbon disulphide violet, ether 
or chloroform a reddish color, cold starch solution blue. 

Tannin interferes with the usual tests for iodine, unless ferric chloride is 
present. 

Iodide. The dry powder, heated with concentrated sulphuric acid, evolve 
violet fumes of iodine. Iodine is liberated from iodides by solutions of As*, 
8b‘, Bi‘, Cu", Fe'", Cr*, H,Fe(CN)., HNO,, Cl, Br, H,0,, ozone. 

Insoluble iodides may be transposed by treatment with H,S, the filtered 
solution being tested for the halogen. 

lodate. The acidulated solution is reduced by cold solution of SO,, or 
K 4 Fe(CN),, (acidulated with dilute H^SO,), or by CuiCl,, HaAsOi, FeSO,, etc. 
An iodate in nitric acid may be detected by diluting the acid with water, adding 
starch solution, then hydrogen sulphide water, drop by drop, a blue zone forming 
in presence of the substance. 


ESTIMATION 

The element is found free in some mineral waters; combined as iodides 
and iodates in sea water; in ashes of sea plants; small quantities in a number 
of minerals, especially in Chili saltpeter as sodium iodate, hence in the mother 
liquor from the Chilian niter works from which iodine is principally produced. 
S^-weed ash (drift kelp. Laminaria digitata and L. stenophylla) is an important 
source of iodine. 

Free iodine, potassium iodide, iodoform, are the principal commercial products. 

Preparation and Solution of the Sample 

In dissolving the substance it will be recalled that free iodine is soluble in 
alcohol, ether, chloroform, glycerole, benzole, carbon disulphide, solutions of 
soluble iodides. One hundred cc. of water at 11° C. is saturated with 0.0182 
gram iodine, at 55° with 0.092 gram. 

Chapter contributed by Wilfred W. Scott. 
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Iodides of silver, copper (cuprous), mercury (mercurous), and lead are 
insoluble, also Til, Pdij. Iodides of other metals are soluble; those of bismuth, 
tin, and antimony, require a little acid to hold them in solution. 

lodates of silver, barium, lead, mercury, bismuth, tin, iron, chromium 
require more than 500 parts of water at 15° C. to hold them in solution, 
lodates of copper, aluminum, cobalt, nickel, mani^ncsc, zinc, calcium, strontium, 
magnesium, sodium, and potassium are more soluble. One hundred cc. of 
cold water dissolves 0.00385 gram AglO, and 0.000035 gram Agl at ordinary 
temperatures. 

Free Iodine (Commercial Crystals). Iodine is best brought into solution 
in a strong solution of i)ota.ssium iodide according to the procedure described 
for standardization of sodium thiosulphate under Volumetric Methods. The 
iodine is now best determined volunietrically by titration with standard thio¬ 
sulphate or arsenic. 

Iodine or Iodides in Water. The sample of water is evaporated to about 
one-fourth its volume and then made strongly alkaline with sodium carbonate. 
The precipitated calcium and magnesium carbonates are filtered off and washed. 
The filtrate containing the halogens is evaporated until the salts begin to crystallize 
out. The hot concentrated solution is poured into three volumes of absolute 
alcohol and the resulting solution again filtered. The residue is washed four 
or five times with 95% alcohol. All of the bromine and iodine pass into the 
solution, whereas a large part of chlorine as sodium chloride remains insoluble 
and is filtered off. About half a ec. of 60% potassium hydroxide is added and 
a greater part of the alcohol distilled off with a current of air. The residue 
is concentrated to crj'stallization anti again poured into three times its volume 
of absolute alcohol and filtered as above directed. This time only one or two 
drops of potassium solutit>n is adde<l and the procedure repeated several 
times. The final filtrate is freed from alcohol by evaporation, the solution 
taiken to dryness and gently ignited, then taken up with a little water and filtered. 
Iodine is determined in the filtrate, preferably by the volumetric procedure III, 
decomposition with nitrous acid, described under Volumetric Methods, p. 242. 

Organic Substances. If only an iodide is present, the Carius method is 
followed; in presence of other halogens, the “lime method” is preferred. Details 
of the.se methods are given in the chapter on Chlorine under Preparation and 
Solution of the Sample, p. 145. 

Silver iodide cannot be separated from the glass of the combustion-tube 
by solution with ammonium hydroxide as is the chloride or bromide of silver. 
The compound, together with the gla.ss, is collected upon a filter paper, and 
washed with dilute nitric acid, followed by alcohol; then dried at 100° C. 
After removing most of the iodide and the gla.ss, the filter is ignited in a weighed 
porcelain crucible, the main bulk of the material then added, the substance 
fused and weighed as Agl-i-glass. The mass is then covered with dilute sul¬ 
phuric acid and a piece of pure zinc added. After several hours (preferably over 
night) the excess zinc is carefully removed and the iodine solution decanted 
from the glass and metallic silver, and the residue washed by decantation. The 
silver is now dissolved in hot dilute nitric acid, then filtered from the residue of 
glass through a small filter. The glass and filter are ignited and weighed. The 
difference between the two weighings is due to silver iodide. 

Minerals. Phosphates. The substance is decomposed by digestion with 
1 :1 sulphuric acid in a flask through which a current of air passes to sweep out 
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the iodine vapor into a solution of potassium hydroxide, the sample being 
boiled until all the iodine vapors have been driven into the caustic. lodates 
are converted to iodides by reduction with sulphurous acid. 

With the iodine content below 0.02%, a 50 to 100-gram sample should be 
taken. 


SEPARATIONS 

Separation of Iodine from the Heavy Metals. The heavy metals are pre¬ 
cipitated as carbonates by boiling with solutions of alkali carbonates, the soluble 
alkali iodide being formed. 

Iodine is liberated from combination by nitrous acid. 

Silver iodide may be decomposed by warming with metallic zinc and sul¬ 
phuric acid. 

Separation of Iodine from Bromine or from Chiorine. Details of sepa¬ 
ration and estimation of the halides in presence of one another are given in 
the chapter on Chlorine. Advantage is taken of the action of nitrous acid on 
dilute solutions, free iodine being liberated, while bromides and chlorides are 
not acted upon. 

The solution containing the halogens is place in a large, round-bottom flask 
and diluted to about 7(X) cc. Through a two-holed stopper a glass tube passes 
to the bottom of the flask; through this tube steam is conducted to assist the 
volatilization of iodine. A s<!cond short tube connected to the absorption appa¬ 
ratus conducts the evolved vaiK)r from the flask into a 5% (laustic soda solution 
containing an equal volume of hydrogen peroxide (about 50 cc. of each). The 
absorption system may lx; made by connecting two Erlenmeyer flasks in series, 
the inlet tulies dipping below the solutions in the flasks. It is advisable to cool 
the receivers with ice. 

Two to 3 cc. of dilute sulphuric acid (1 : 1) and 25 cc. of 10% sodium nitrite 
solution are added to the liquid containing the halogens, the apparatus is immedi¬ 
ately connected, and the contents of the large flask heated to boiling, conducting 
steam into it at the same time. The iodine vajxir is gradually driven over into 
the cooled receiving flasks. 

When the solution in the large flask has become colorless it is Ixiiled for half 
an hour longer. The steam is now shut off, the flask disconnected from the receiv¬ 
ing flasks and the heat turned off. The contents of the receiving flasks are com¬ 
bined with the washing from the connecting tubes and the .solution heated to 
boiling to expel, completely, hydrogen px^roxide. The cooled liquid is acidified 
with a little sulphuric acid and the solution decolorized with a few drops of sul¬ 
phurous acid. Iodine is now precepitaterl as silver iodide by adding an excess 
of silver nitrate and a little nitric acid .and boiling the mixture to coagulate the 
precipitate. Agl is determined as directed on page 239. 

Chlorine and bromine remain in the large flask in combined form and may be 
determined in thus solution if desired. 

Separation of Iodine from Chlorine and Bromine by Precipitation as 
Palladous Iodide. The solution containing the halogens is acidified with hydro¬ 
chloric acid, and palladous chloride solution added to the complete precipitation 
of the iodide. The compound is allowed to settle in a warm place for twenty- 
four hours or more and then filtered and washed free of the other halogens. 
It may now be dried and weighed as palladous iodide, Pdli, or ignited in a 
current of hydrogen, then weighed as metallic palladium and the equivalent 
iodine calculated. See Gravimetric methods. 
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QRAVIMETRIC METHODS 
Precipitation as Silver Iodide 

The procedure is practically the same as that described for determining 
chlorine. 

Silver nitrate solution is added to the iodide solution, slightly acidified with 
nitric acid. The precipitate is filtered into a weighed Gooch crucible, then 
washed, dried, gently ignited, and weighed as silver iodide. 

AglX0..')406 = I or X0.7071 =KI. 

Note. If filter pajier is used in place of a Gooch crucible, the precipitate is 
removed and the filter ignited separately. A few drops of nitric and hydrochloric 
acid are added, the acids expelled by heat and the residue weighed as AgCl. This, 
multiplied by 1.63H = AgI. The result is added to the weight of the silver iodide, 
which is ignited and weighed separately. 


Determination of Iodine as PaJladous Iodide 

This method is applicable for the direct determination of iodine in iodides 
in presence of otluT halogens. 

The method of isolation of iodine as the palladous salt has been given under 
Separations. The salt dried at 100° C. is weighed as Pdli. 

I>db.X0.704 =1. 

Pdl» ignited in a current of hydrogen is changed to metallic palladium. 

PdX2..'179 = I. 


VOLUMETRIC METHODS 
Determination of Hydriodic Acid—Soluble Iodides 

Free hydriodic acid cannot be determined by the usual alkalimetric methods 
for acids. The procedures for its estimation, free or coml>in<!d as a soluble 
salt, depends upon the liberation of iodine and its titration wit h standard sodium 
thiosulphate, in neutral or slightly acid .solution; or by nuiuns of standard arsen- 
ious acid, in presence of an excess of sodium bicarbonate in a neutral solution. 
The following equations represent the reactions that take place: 

I. Thiosulphate. 2 NajS 50 a+I» = 2 NaI+NajS 40 ,. 

II. Arsenite. NasAsOs+Ij+H»0 *Na»A804+2HI. 

The free acid formed in the second reaction is neutralized and the rcverftible 
reaction thus prevented; 

HI+NaHCO, = Nal+H,0+C0.. 

The presence of a free alkali is not pennissiblo, as the hydroxyl ion would 
react with iodine to form iodide, hypoiodite and finally iodate, hence sodium 
or potassium carbonates cannot bo used. Alkali bicarbonates, however, do not 
react with iodine. 
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Standard Solutions. Tenth Normal Sodium Thioeulphate. From the 
reaction above it is evident that 1 gram molecule of thiosulphate is equivalent 
to 1 atom iodine = 1 atotn hydrogen, hence a tenth normal solution is equal to one- 
tenth the molecular weight of the salt per liter, e.g., 24.82 grams NajStO, -5HjO; 
generally a slight excess is taken—25 grams of the crystallized salt. It is 
advisable to make up 5 to 10 liters of the solution, taking 125 to 250 grams 
sodium thiosulphate crystals and making up to volume with distilled water, 
boiled free of carbon dioxide. The solution is allowed to stand a week to 
ten days, and then standardized against pure, resublimcd iodine. 

About 0.5 gram of the purifie<l iodine is placed in a weighing bottle con¬ 
taining a known amount of saturatc<l potassium iodide solution (2 to 3 grams 
of KI free from KlOa dissolved in about i cc. of HaO), the increased weight 
of the bottle, duo to the iodine, being noted. The bottle and iodine are placed 
in a beaker containing about 200 cc. of 1% potassium iodide solution (1 gram 
KI per 200’cc.), the stopper removed with a glass fork and the iodine titrated 
with the thiosulphate to be standardized. 


Calculation. The weight of the iodine taken, divided by the cc. thio¬ 
sulphate required, gives the value of 1 cc. of the reagent; this result divided 
by 0.012092 gives the normality factor. 

Notb. The thioBidphate solution may be standardized against iodine, which 
has been liberated from potassium io<lide in presence of hydrochloric acid by a known 
amount of standard potassium bi-iodntc, a salt which may be obtained exceedingly 
pure. 

KIO,- HIO,+lOKI +1 IHCl = UKCl-f-6H,0 +61,. 

A tenth normal solution contains 3.2496 grams of the pure salt per liter. (One 
cc. of this will liberate 0.012692 gram of iodine from potassium iodide.) The purity 
of the salt should be establishecl by standardizing against thiosulphate, which has been 
freshly tested against imrc rcsublimed iodine. 

About 6 grams of potassium iodide (free from iodate) are dissolved in the least 
^amount of water that is necessary to effect solution, and 10 cc. of dilute hydrochloric 
acid (1 ; 2) are added, and then 50 cc. of the standard bi-iodate solution. The solu¬ 
tion is diluted to about 250 cc. and the liberated iodine titrated with the thiosulphate 
reagent; M cc. will bo required if the reagents are exactly tenth normal. 


7mth Normal Araenite. From the second reaction above it is evident that 
AstOi is equivalent to 21,, e.g., to 4H, hence J the gram molecular weight of 
arsenioua oxide per liter will give a normal solution; 198«49.5. 

4.95 grams of pure arsenious oxide is dissolved in a little 20% sodium 
hydroxide solution, the excess of the alkali is neutralized with dilute sulphuric 
acid, using phenolphthalein indicator, the solution being just decolorized. Five 
hundred cc. of distilled water containing about 25 grams of sodium bicarbonate 
are added. If a pink color develops, this is destroyed with a few drops of 
weak sulphuric acid. The solution is now made to volume, 1000 cc. The 
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reagent fa st^dardfaed apinst a measured amount of pure iodine 
may bo dusolved directly m sodium bicarbonate solution. 


The oxide 


Note. Commercial arsenious oxide is nurified bv (liimnlvm.. i,..* k i ui • 
acid filtering the hot saturated solution, cooling, d^cfnting o§ tht motitrlhZr 
washing the deposited oxide with water, drying ani finaUy sulliming ^ ’ 

Starch Solution. Five pains of soluble starch are dissolved in cold water, 
the solution poured into 2 liters of hot water and boiled for a few minutes! 
1 he reagent is kept in a glass-stoppcred bottle. 

The addition of a few cc. of 5% NaOH, then heating to boiling and filtering 
will preserve the starch. 


Decomposition of the Iodide by Ferric Salts 

The method takes advantage of the following reaction: 

re2(SO«),+2Kr = K8.S0.+L+2FeS04. 


The procedure enables a separation from bromides, as these are not acted 
upon by ferric salts. 

Procedure. To the iodide in a distillation flask is added an excess of ferric 
ainmonium alum, the solution acidified with sulphuric aciil, then heated to 
boiling, and the iodine distilled into a solution of putus.sium iodide. The free 
iodine in the distillate is titrated with standard thiosulphate, or by arsenious 
acid in presence of an excess of sodium bicarlionate. 

The reagent is added from a burette until the titrated solution becomes a 
pale yellow color. About 5 cc. of starch solution are now added and the titra¬ 
tion continued until the blue color of the starch fades and the solution becames 
colorless. 

One cc. of tenth normal reagent =0.(1120(12 gram iodine, equivalent to 
0.012793 gram HI, or 0.016002 grijm Kl. 


Decomposition with Potassium lodate * 

The reaction with potassium iodate is as follows: 

5KI+KIOj+OHCl = 6KC1 -|- SlIjO -t- 31,. 

It is evident that i of the titration for iodine would be equal to the iodine 
of the iodide, hence 1 cc. of tenth normal thiosulphate is equivalent to 0.012692 
Xi =0.01058 pam iodine due to the iodide. The procedure is as follows: 

Procedure. A known amount of tenth normal potassium iodate is added 
to the iodide solution, in suflTicient amount to liberate all of the iodine, com¬ 
bined as iodide, and several cc. in excess. Hydrocliloric acid and a piece of calcite 
are added. The mixture is boiled until all of the lilxsrated iodine has been 
expelled. To the cooled solution 2 or 3 grams of pota-ssium iodide are added 
and the liberated iodine, corresponding to the excess of iodate in the solution, 
is titrated with standard thiosulphate. If 1 cc. of thiosulphate is equal to 1 
cc. of the iodate, then the total cc. of the iodate used, minus the cc. thio- 

>H. Diets and B. M. Margosches, Chem. Ztg., 8, 1191, 1904. TreadweU 
and Hall, “Analytical Chemistry,” vol. 8. 
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sulphate required in the titration gives a difference due to the volume of iodate 
required to react with the iodide of the sample. 

One cc. of N/10 KIO» =0.01058 gram I in KI. 

Note. Tenth normal potassium iodate contains 3.5675 grains KIO. per 1000 cc. 


Decomposition of the Iodide with Nitrous Acid (Fresenius) 

Nitrous acid reacts with an iodide as follows: 

2HNO.,+2HI =2N0+2II,0+I,. 

Since neither hydrochloric nor hydrobromic acids are attacked by nitrous 
acid, the method is applicable to determining iodine in presence of chlorine and 
bromine; hence Ls useful for determining small amounts of iodine in 
mineral waters containing comparatively large amounts of the other 
halogens. 

Nitrous Acid. The reagent is prepared by passing the gas 
l into strong sulphuric acid until saturated. 

|| Procedure. The neutral or slightly alkaline solution of the 

I) iodide is placed in a glass-.stoppered separatory funnel, Fig. 39, 
and slightly acidified with dilute sulphuric acid. A little freshly 
distilled colorless carbon disulphide (or chloroform) is added, then 
10 drops of nitrous acid reagent. The mixture is well shaken, the 
disulphide allowed to settle, drawn off from the supernatant solu¬ 
tion and saved for analysis. The liquor in the funnel is again 
extracted with a fresh portion of disulphide and if it becomes dis¬ 
colored it is drawn off and added to the first extract. If the 
extracted aqueous solution apix>nrs yellow, it must be again treated 
with additional carbon disulphide until all the iodine has been 
removed (e.g., until addit ional ('S., is no longer colored when shaken 
with the solution). The combined extracts arc washed with three 
or four jKirtions of water, then transferred to the filter and again 
washed until free from acid. A hole is made in the filter and the disulphide 
allowed to run into a small beaker and the filter washed down with about 5 cc. 
of water. Three cc. of 5% sodium bicarbonate are added and the iodine titrated 
with N/20 or N/50 standard thiosulphate, the reagent being added until the 
reddish-violet carbon ilisulphidc becomes colorless. 

The sodium thiosulphate used is standardized against a known amount of 
pure potassium iodide treated in the manner described above. 



Fio. 39. 


One cc. N/20 NajSjOj = .00635 gram I, 1 cc. N/50 NajS,Oi=.002538 gram 


I. 
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Liberation of Iodine by Means of Hydrogen Peroxide and 
Phosphoric Acid ^ 

Principle. Iodine is liberated from an iodide by addition of hydrosjen per¬ 
oxide to the solution acidified with phosphoric acid, the iodine distilled into 
potassium iodide and titrated with thiosulphate. 

Procedure. Fifty cc. of the iotlide solution are mixed with 5 cc. of pure 
phosphoric acid and 10 to 20 cc. hydrogen peroxide added, the mixture being 
placed in a round-bottomed flask, connected with a sliort condenser, delivering 
into two absorption vessels containing a 10% solution of potassium iodide. 
A current of air is drawn through the apparatus, and the contents of the flask 
gradually heated to boiling. The iodine is ahsorbwl in the pota.ssium iodide 
solution and titrated as usual with standard sodium thio.su)phatc. Twenty 
minutes’ heating is generally sufficient. 

One cc. NuiSiOj =0.012692 gram I, or 0.010602 gram KI. 

Note. Iodine in urine may be detennined by cvai)oralinK to 1,10 its volume. 
After adding an excess of sodium hydroxide, the mixture is taken to dryness and 
gently ignited. The ash may be used for the iodine determination. 


Oxidation of Combined Iodine with Chlorine. (Mohr’s 
Modification of Dupre’s Method)^ 

When a solution of potassium iodide is treated with successive amounts 
of chlorine water, iodine is liberated, which reacts with an excess of chlorine 
with formation of chloride of iodine (ICl) and with greater excess the penta- 
chloride (ICU) which is changed in presence of water to iodic acid (HIOi). 

Procedure. The weighed iodide compound is brought info a stoppered 
flask, and chlorine water delivered from a large burette until all yellow color has 
disappeared. A drop of the mixture brought in contact with a drop of starch 
solution should produce no blue color. Sodium bicarbonate is now added until 
the mixture is slightly alkaline, followed liy an excess of potassium iislide and 
4 to 5 cc. of starch reagent. Standard thiosulphate is now added until the 
blue color is removed. The excess of chlorine water is thus ascertained. From 
the value of the chlorine reagent the iodine of the sample may readily be 
calculated. 

The chlorine water is standardized by running 2,"> to .'iO cc. of the reagent 
into potassium iodide solution (see procedure for bromides, p. 95), and 
titrating the liberated iodine with standard sodium thiosulphate. The value 
of the reagent in terms of thiosulphate are thus ascertained and from this the 
value per cc. in terms of iodine. 

OTHER METHODS 

Volhard’s Method for Determining Iodides 

This procedure is very similar to those for determining chlorine or bromine, 
with the exception that silver iodide formed will occlude both the iodide solu- 

>E. Winteretein and E. Herzfeld, Zeit. Physiol. Chem.,88, 49-51, 1909. Chem. 
Zentralbh, (1), 47.1-474, 1910. 

’Sutton, “Volumetric Analysis,’’ 10th Ed. 
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tion and silver nitrate unless the additions of the silver salt are made in small 
portions with vigorous shaking. 

Standard silver nitrate is added to the solution in a glass-stoppeied flask, 
shaking vigorously with each addition. As long as the solution appears milky 
the precipitation is incomplete. When the silver iodide is coagulated and the 
supernatant liquid appears colorless, ferric alum solution is added, and the 
excess of silver nitrate titrated with potassium sulphocyanate until the char¬ 
acteristic reddish end-point is obtained. 

The iodine is calculated from the amount of silver nitrate required. £.g., 
total AgNOi added, minus excess determined by KCNS =cc. AgNOi required 
by the iodine. 

Note. _ The ferric salt oxidizes hydriodic acid with separation of iodine, whereas 
the silver iodide is not acted upon, hence the indicator is added after all the iodide 
has combined with silver. 


Determination of lodates 

The procedure is the reciprocal of the one for determination of iodide by 
means of an iodate; 

Reaction. KIO.+5KI-I-6HC1 =6KCl-|-3H,0+3r,. 

Procedure. The solution containing the iodate is allowed to run into an 
excess of potassium iodide solution containing hydrochloric acid. The liber¬ 
ated iodine is titrated with sodium thiosulphate os usual. 

One cc. N/10 NajSjOs =0.002932 gram HIO>, or 0.003567 gram KIO>. 

Determination of Periodates 

The procedure is the same as that described for iodates, the reaction in this 
case, however, being as follows; 

KI0,+7KI+8HC1 =8KC1-|-4H,0+4I,. 

From the equation it is evident that 1 gram molecule of the iodate is equiv¬ 
alent to 8 atoms of iodine =8 atoms of hydrogen, hence J the molecular weight 
per liter of solution would equal a normal solution. Therefore, 1 cc. of a tenth 
normal solution would contain 0.019193-5-8 = 0.002399 gram HIO 4 . 

One cc. N/10 Na,S,0, -0.002399 gram HIO 4 , or =0.002849 gram HIO.-2H,0, 
or -0.002875 gram KIO 4 . 

, Determination of lodates and Periodates in a Mixture 

of the Two 

The procedure depends upon the fact that an iodate does not react with 
potassium iodide in neutral or slightly alkaline solutions, whereas a periodate 
undergoes the following reactions; 

KI04-t-2KI-t-H.0 =2KOH-l-KIO,-i-I.. 

Procedure. The sample, dissolved in water, is divided into two equal 
portions. 

A. To one portion a drop of phenolphthalein indicator is added and the 
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solution made just faintly alkaline by addition of alkali to acid solutions or 
hydrochloric acid to alkaline solution, as the case may require. Ten cc. of 
cold saturaiied solution of sodium bicarbonate are added and an excess of potas¬ 
sium iodide. The liberated iodine is titrated with tenth normal arsenious acid.* 
(Na«SiUi will nut do in this case, as the solution is alkaline.) 

One cc. N/10 AsjOi =0.0115 gram KIO4. 

B. To the other portion potassium iodide is added in excess and the solu¬ 
tion made distinctly acid. The liberated iodine is titrated with standard sodium 
thiosulphate. (AsiOi will nut do.) 

Calculation. In the acid solution, B, both iodates and periodates are 
titrated, whereas in the alkaline solution, .4, only the periodates are affected. 
From the reactions for periodates it is evident that 1 cc. NajSjOi = 4 cc. AsjOi 
for the periodate titration, hence 

Cc. NajSiOj—cc. AsiO.Xt =cc. thiosulphate duo to KIOi. 

The difference, multiplied by 0.003567 = grams KlOt in the sample. 

Determination of Iodine in Mineral Waters and Brines 

The following procedure is given by W. F. Baughman and W. W. Skinner.* 

Take such a (juantity of the brine or water as will contain not more than 
0.1 g. iodine as iodide or more than 10 g. total salts. Adjust the volume to 
100 cc. to 1.50 cc. and boil it with a sufficient amount of sodium hydroxide and 
sodium carbonate to precipitate the calcium and magnesium. Filter off the 
precipitate and wash with hot water. Introduce the filtrate into an Erlen- 
meyer flask, adjust the volume to about 100 cc., neutralize with dilute sulphuric 
acid, and add 1 cc. of a solution of .sodium hydroxide (4 g. per 100 cc.). Heat 
to boiling, add an excess of potassium permanganate, continue the heating 
until the precipitate lajgins to coagulate, and then allow to cool. Add suf¬ 
ficient alcohol to cau.se the permanganate color to disappear and allow the 
precipitate to settle on the .steam bath. Filter and wash with hot water. 
After cooling, add one or two grams of potassium iodide, acidify with hydro- 
cliloric acid, and titrate with standard thiosulphate. The number of cc. 
required, divided by 6, represents the number of cc. required by the iodine in 
the sample. 

* In alkaline solutions the arsenious acid titration must be made, whereas in acid 
solutions potassium thiosulphate is used. 

‘Bureau of Chemistry, Dept. Agriculture, Washington, D. C. Ref. Jour. Ind. 
Eng. Chem., Vol. 11, No. 6, page 5M (June, 1919). . 
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Pe, at.wt. A5.84; *p,gr. 7.85-7.88; m.p. pure 1530®,‘ wrought 1600°,> white 
pig 1075°,‘ gray pig 1375°,' eteel 1375°;' 6.p. 2450° ■ C.; oxidee PeO, 
PeiO,. Fe,0,. 


DETECTION 


Ferric Iron. The yellow to red color in rocks, minerals, and soils is gen¬ 
erally due to the presence of iron. 

Hydrochloric acid solutions of iron as ferric chloride are colored yellow. 

Potassium or ammonium sulphocyanate produces a red color with solutions 
containing ferric iron. Nitric acid and chloric acid also produce a red color with 
potassium or ammonium sulphocyanate. This color, however, is dastroyed by 
heat, which is not the case with the iron compound. The red color of ferric 
iron with the cyanate is destroyed by mercuric chloride and by phosphates, 
borates, certain organic acids, and their salts, e.g., acetic, oxalic, tartaric, citric^ 
racemic, malic, succinic, etc. 

Potassium ferrocyamde, K4Fe(CN)i, produces a deep blue color with ferric 
salts. 

Salicylic acid added to the solution of a ferric salt containing no free mineral 
acid gives a violet color. Useful for detecting iron in alum and similar products. 

Ferrous Iron. Potassium Ferricyanide, KdFe(CN),, gives a blue color 
with solutions of ferrous salts. 

Distinction between Ferrous and Ferric Salts. 

KCNS gives red color with Fe'" and no color with Fe". 

KJe(CN), gives a blue color with Fe" and a brown or green with Fe'". 

NHtOH, NaOH or KOH precipitates red, P’e(OH), with Fo'" and white, 
Fe(OH), with Fe" turning green in presence of air due to oxidation.® 

Sodium peroxide produces a reddish-brown precipitate of Fe(OH), with 
either ferrous or ferric salt solutions, the fonner being oxidized to the higher 
valence by the peroxide. Chromium and aluminum remain in solution, if present 
in the sample. 

ESTIMATION 


Iron 18 so widely diffused in nature that its determination is necessary in 
practically all complete analyses of ores, rocks, minerals, etc. It is especially 
important in the evaluation of iron ores for the manufacture of iron and steel. 
Among the ores of iron the following are more common: 

Oxides. Red hematite, Fe,0,; brown hematite, 2Fe,0,-311,0; black mag¬ 
netite or magnetic iron ore, FciO,. Ferric oxide with varying amounts of water 


• Circular 36 (2d Ed.) U. S. Bureau of Standards. 

• D. Van Nostrand’s Chemical Annual.—Olsen. 

• The ^n salt is a hydrate of Fe,0,. The white precipitate can be obtained in 
absence of air or by using H,SOi to take up oxygen in solution. 


Chapter contributed by Wilfred W. Scott. 
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forms the substances known as hematite, gfithite, Umonite, yellow ochre, bog 
iron ore. 

Sulphide. Iron pyrites or “fool’s gold,” P'eS,; pyrrhotite, FeS. 

Carbonates. Spatic iron ore, FeCO«; combined with clay in clay ironstone 
with bituminous material as “black band.” 

Iron is determino<i in the cinders and in iron ore bruiucttes from burned iron 
pyrites, by-products of sulphuric acid. 

It is found a.s an impurity in a largo number of commercial salts and in the 
mineral acids. 

Preparation and Solution of the Sample 

The material should be carefully sampU*d and quartered down according 
to the general procedure for sampling. On's should 1)0 ground to jrass an 80- 
mesh sieve. In analysis of metals, both the co.'irso and fine drillings arc taken. 

The following facta regarding solubility should bo rt'membered: The element 
is soluble in hydrochloric acid and in dilute sulphuric acid, fonning ferrous 
salts with liberation of hydrogen. It is insoluble in concentrated, cold sidphuric 
acid, but is attacked by the hot acid, forming ferric s)dphato with liberation of 
SOj. Moderately dilute, hot tiitric acid forms ferric nitrate and nitrous oxide; 
the cold acid gives ferrous nitrate and ammonium nitrate or nitrous oxide or 
hydrogen. Cold, concentrated nitric acid forms "i)a.ssive iron,” which remains 
insoluble in the acid. ’I'he oxides of iron are readily .soluble in hydrt)chloric acid, 
if not too strongly ignited, but upon strong ignition the higher oxides dissolve 
with extreme dilfieidty. They are readily soluble, however, by fusion with 
acid i)otassium sulphate followed by an acid extraction. Siliciites are best 
dissclved by hot hydrochloric aci<l containing a few dro|)s of hydrofluoric acid 
or l)y fusicm with sodium ami jidtu-ssium carbonates, followed by hot hydro¬ 
chloric achl. • 

Soluble Iron Salts. Water solutions are acidified with IICI or JI2SO4, so 
as to contain about 3fc of fri'e acid. 

Ores. The samples should be iiulverizi'd to jiass an SO- to KKbmesh sieve. 

Sulphides, Ores Containing Organic Matter. One- to .'i-gram samples 
should be roasted in a porcelain crucible over a Itun.si-n flame for about half 
an hour, until oxidized. The oxitle is now dissolved ns ilirected in the following 
procedure. 

Oxides, Including Red and Brown Hematites, Magnetic Iron Ore, Spatose 
Iron Ore, Roasted Pyrites, and Iron Ore Briquettes. One to .5 grams 
of the ore, placed in a 4(K»-cc. beaker, is dis.solvcd by adding twenty times 
its weight of strong hydrochloric acid with a few drops of UTo stannous chloride 
solution. Addition of 4 or .5 ilrops of 11F is advantageous if small amounts 
of silica are present. The solution is covered with a watch-glass and heated to 
80 or 90“ C. until solution is complete. Addition of more stannous chloride 
may be ncccs.sary, as this greatly assists solution. An excess sufficient to com¬ 
pletely decolorize the solution necessitates reoxidation with hydrogen peroxide, 
hence should be avoided. If a colored residue remains, it should be Altered 
off, ignited and fused with a mixture of N’a,f;0, and K,CO, in a platinum cru¬ 
cible. The fusion dissolved in dilute HCl is added to the main ffltratc. 

Note. The ore placed in a porcelain boat in a red-hot combustion tube may be 
reduced with hydrogen (taking precaution flrst to sweep out oxygen with COi) and 
after cooling in an atmosphere of hydrogen the reduced iron may be dissolved in acid 
and titrated. 
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Iron Silicates. One to 5 grains of the material, placed in a deep plati' 
num crucible, is treated with ten times its weight of HF and 3 to 4 drops 
of cone. H:S 04 . The mixture is evaporated to near dryness on the steam bath 
and taken up with dilute sulphuric acid or hydrochloric acid. The latter acid 
is the best solvent for iron. 

Fusion with Potassium Bisulphate. The sample is mixed with ten times 
its weight of the powdered bisulphate and 2-3 cc. of concentrated sulphuric acid 
added. A porcelain or silica dish will do for this fusion. The fusion should 
be made over a moderate flame and cooled as soon as the molten liquid becomes 
clear. Complete expulsion of SO, should be avoided. It may be necessary 
to cool and add more cone, sulphuric acid to effect solution. Iron and alumina 
completely dissolve, but silica remains undissolved. The melt is best cooled by 
pouring it on a large platinum lid. 

Fusion with Carbonates of Sodium and Potassium. The residues insoluble 
in hydrochloric acid are fused with 6 parts by weight of the fusion mixture 
(Na,CO,+K,CO,) in a platinum crucible. The M6ker blast will be necessary. 
When the effervescence has ceased and the melt has become clear, the crucible 
is removed, from the flame, a platinum wire inserted and the melt cooled. Upon 
gently reheating, the fuse may be readily removed by the wire in a convenient 
form for solution in dilute hydrochloric acid. 

The bisulphate fusion is recommended fur fusion of residues high in iron 
and alumina. It is an excellent solvent for ignited oxides of these elements. 
The carbonate fusions arc adapted to residues containing silica. 

SEPARATIONS 

General Procedure. In the usual course of analysis silica is removed by 
evaporating the acid solution to dryness, taking up with water and filtering. 
Mercury, lead, bismuth, copper, cadmium, arsenic, antimony, tin, molybdenum 
and other elements preeipitated from an acid solution os sulphides are removed 
as such by filtration and iron, after oxidation to the ferric state, is precipitated 
as Fe(OH),. In the majority of cases it may now be determined by titration. 

Ether Method for Removing Iron from a Solution. Ferric chloride dis¬ 
solved in HCl (sp.gr. 1.1) is more soluble in ether than in this acid. Advantage 
is taken of ^s fact when it is desired to remove a greater portion of the iron 
in determimng copper, nickel, cobalt, chromium, vanadium and sulphur (as 
H 1 SO 4 ) in steel. The hydrochloric acid solution of iron, etc., is evaporated to a 
syrupy consistency and then taken up with HCl (.sii.gr. 1.1) and transferred 
by means of more of the acid to a separatory funnel. The cold acid solution 
is now extracted several times by shaking with ether, each time allowing the 
ethoB carrying the iron to separate before drawing off the lower layer for re¬ 
extraction. Three extractions are generally sufficient for removing the iron. 

Since alkali salts cause trouble by crystallizing and clogging the borings 
of the stopcock, the use of alkalies should be avoided when this method of 
separation is used. The iron may be extracted from the ether by shaking 
tWs with water and drawing off the lower water layer. Since,heat is generated 

the mixing of ether and the ferric chloride-hydrochloric acid solution, 
cooling the mixture under the tap during mixing may be necessary. This 
heating is reduced by using a mixture of ether and hydrochloric acid. Strong 
hydrochloric acid (sp. gr. 1.19) is saturated with ether, an excess of ether 
separating out'os an upper layer. 100 00 . of the acid will absorb 150 cc. ether. 
(Dilute hydrqchlorio acid (sp. gr. 1.1) absorbs only 30 cc. ether.) 
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QRAVIMETRIC METHODS FOR THE DETERMINATION 

OF IRON 

The gravimetric determination of iron may be made from solutions practi¬ 
cally free from other metals. A number of elements such as phosphorus, 
arsenic, molybdenum, tungsten, and vanadium, in neutral or slightly alkaline 
solutions, form fairly stable comimunds with iron, whereas others, such as 
lead, copper, nickel, cobalt, sodium, and {K>tassium may be occluded in the 
ferric hydrate precipitate and are removed only with considerable difficulty. 
Aluminum, chromium, and several of the rare earths are precipitated with 
iron, if present. These facts taken into consideration, the volumetric methods 
are generally preferred as being more rapid and trustworthy. 

Determination of Iron as Fe^Oa 

Iron is precipitated ns the hydroxide! and ignited to the oxide, Fe,0,, in 
which form it is weighed. 

Reaction*. l'’u(;i,-t-3NH,OH = KetOIDa+SNH,!'!. 

21-V(011),+ heat = l''e,( 

Procedure. ()n(!-grain sample or a larger amount of material if the iron 
content is low, is brought into solution with bydro<‘hloric acid, a<)ua regia, or by 
fusion with pota.s.siuin carbonate or jKitas-sium arid sulphate, as the ease may 
require. Silica is hitered off and the acid solution treatt'd with II,S if members 
of tliat group are present. The filtrate is boiled to exixil 11,8 and the iron 
oxidized to ferric condition by boiling with .5 cc. concentrated nitric acid. 

Absence of Aluminum and Chromium. About 1 gram of ammonium 
chloride salt or its c<iuivalent in sohitii.n is added, the volume made to about 
200 cc. and ammonium h 3 -dix)xi<le added in slight excess to precipitate Fe(OH),. 
The solution is boiled for about five minuttis, then filtered through an ashless 
filter. 

If Alum in u m and Chromium are Present. In place of ammonium hydroxide 
powdered sodium peroxide is addeil in small portions until the precipitate first 
formed clears, the solution licing cold and nearly neutral. It is diluted to about 
300 cc. and boiled ten to fifteen minutes to precipitate the iron. Aluminum and 
chromium are in solution. (Mn will precipitate with I'e, if present.) The 
precipitate is filtered onto a rapid filter and washed with hot water. 

Second Precipitation. In either ca.se dis.solve the precipitate with the 
least amount of hot dilute hydrochloric acid and wash the pap<!r free of iron. 
Add a few cc. of 10% ammonium chloride solution and reprecipitate the hydroxide 
of iron by adding an excess of ammonium hydroxide, the volume of the solu¬ 
tion being about 200 cc. Washing the precipitate by decantation is advisable. 
Three such washings, 100-cc. portions, followed by two or three on the filter 
paiier, will remove all impurities. 

Ignition. The precipitate is ignited wet over a low flame, gradually in-* 
creasing the heat. Blasting is not recommended, as the magnetic oxide of ’ 
iron, FeA),, will form with high heating. The oxide heated gently appears a 
^dish-brown. Higher heat gives the black oxide, FejO,. Twenty minutes’ 
ignition, at rod heat, is sufficient. 
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The crucible, cooled in a desiccator, is weighed and FejOi obtained. 

Factors. FcjOi X 0.6994 = Fe. 

Fe2O,X0.8998=FeO. 


Precipitation of Iron with “ Cupferron,” Amino nitrosophenyl- 

hydroxylamine * 

By this procedure iron may be precipitated directly in acid solution in 
presence of a number of elements. Mercury, lead, bismuth, tin, and silver 
may be partially precipitated. Copper precipitates with iron, but may be 
easily removed by dissolving it out with ammonia. The method is especially 
adapted for separation of iron from aluminum, nickel, cobalt, chromium, cadmium, 
and zinc. 

Procedure. The solution containing the iron is made up to 100 cc. and 20 
cc. of concentrated hydrochloric acid added. To this cool .solution (room 
temperature) Baudisch’s reagent, cupferron, is slowly added with constant 
stirring, until no further precipitation of iron takes place, and crystals of the 
reagent appear. The iron precipitate is a reddish-brown. Copper gives a 
grayish-white flocculent compound. An excess of the reagent equal to one-fifth 
of the volume of the solution is now added, the precipitate allowed to settle 
for about fifteen minutes, then poured into a filter paper and washed, first with 
2N. HCl, followed by water, then with ammonia and finally with water. The 
drained precipitate is slowly ignited in a porcelain or platinum crucible and the 
residue weighed as FciOi 


FejO.XO.6994 =Fe. 

Notes. Baudisch’s reagent, amino nitrosophcnyl-hydroxylamine (cupferron), is 
made by dissolving 6 grams of th-i salt in water and diluting to 100 cc. _ The reagent 
keeps for a week if nrotected from the light. It decomposes io the light, forming 
nitrobenzine. Turbid solutions should be filtered. 

The precipitates of copper or iron are but slowly attacked by twice normal hydro¬ 
chloric acid in the cold, but decomposed by hot acid, hence the solution and reagent 
should be cold. 

Cold, dilute potassium carbonate solution, or ammonium hydroxide, have no action 
on the iron precipitate; the copper compound dissolves readily in ammonia. Alkaline 
hydroxide causes rapid decomiioaition. 

The precipitation is liest made in comparatively strong acid solutions (HCl, HiSO., 
or acetic acid). 

»0. Baudisch, Chem. Ztg., 33, 1298, 1905. Ibid., 36, 913, 1911. O. Baudisch 
and.V. L. King, Jour. Ind. Kng. Chem., 3, 627, 1911. 
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VOLUMETRIC DETERMINATION OF IRON IN ORES AND 
METALLURGICAL PRODUCTS 

General Considerations. Two general procedures are commonly employed 
in the determination of iron. 

A. Oxidation of ferrous to ferric condition by standard oxidizing agents. 

B. Reduction of ferric iron to ferrous condition. 

The sample is dissolved as directed under Preparation and Solution of the 
Sample. 


Determination of Iron by Oxidation Methods 

Some modification of either the dichromate or permanganate methods is 
commonly employed in the determination of iron by oxidation. To accomplish 
thb quantitatively, the iron must l)e reduced to its ferrous condition. This 
may be accompli8he<l in the following ways: 

1. Reduction by Hydrogen Sulphide. During the course of a complete anal¬ 
ysis of an ore, HjS is pa.s.sed into tlie acid solution to precipitate the members of that 
group (Hg, Pb, Bi, Cu, Cd, As, Sb, Sn, Pt, Au, Se, etc.). The filtrate contains iron 
in the reduced condition suitable for titration with either dichromate or per¬ 
manganate, the excess of HjS having been boiled off. If the expulsion of HjS 
is conducted in an Erlenmeycr flask there is little chance for reoxidation of the 
iron during the boiling. Reduction by IljS is very effective and is frequently 
advisable. This is the case when titanium is present, since this is not r^uced 
by HjS, but by methods given below. Arsenic, antimony, copper, and platinum, 
which, if present would interfere, arc removed by this treatment. 

Reaction. 2FeCl.+H»S =2Fe(M,-f-21IC:i+S. 

2. Reduction with Stannous Chloride. SnCI, solution acts readily in 
a hydrochloric acid solution of the ore; the reduction of the iron is easily noted 
by the disappearance of the yellow color. The excess of the reagent is oxidized 
to SnCl, by addition of HgCl,. 

Reactiont. I. 2FeCl,+SnCl« ==2F’cf!li-(-SnCl,. 

2. Excess SnCl,+2HgCI>=SnCl4-|-2HgC’l precipitated. 

An excess of SnCl, is advisable, but a large excess is to be avoided, as a 
secondary reaction would take place, as follows; 2SnCl,-l-2HgCl, =»2SnCl4-|-8Hg. 
This reaction is indicated by the darkening of the solution upon the addition of 
HgCU. Precipitation of metallic mercury would vitiate results. The solution 
should be cooled before addition of mercuric chloride. About 15-20 cc. of sat¬ 
urated mercuric chloride, HgCU, solution should be sufficient. 

3. Reduction by a Metal such as Test Lead, Zinc, Magnesium, Cadmium, 
or Aluminum, in Presence of Either Hydrochloric Add or Sulphuric Add. 
The former acid is preferred with the dichromate titration, and the latter with 
the permanganate. Two methods of metallic reduction are in common use— 
reduction by means of test lead, and reduction with amalgamated zinc by means 
of the Jones rcductor. 
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(o) Reduction with Test Lead. By this method copper is precipitated 
from solution and small amounts of arsenic and antimony expelled. Sufficient 

S lead is added to the acid ferric solution to completely cover the bottom of 
beaker. The solution is covered and boiled vigorously until the yellow color 
has completely disappeared, and the solution is colorless. The reduced iron 
solution, cooled, is decanted into a 600-cc. beaker, the remaining iron washed 
out from the lead mat by several decantations with water; two or three 60-cc. 
jjortions of water should be sufficient; the washings are added to the first portion, 
pi the solution becomes slightly colored, a few drops of stannous chloride, SnCh, 
solution are added, followed by 10 cc. mercuric chloride, HgCl,, solution. The 
sample is now ready for titration. 

(6) Reduction with Zinc, Using the Jones Reductor. The add solution of 
iron, preferably sulphuric acid, is passed through a column of amalgamated zinc.* 
The hydrogen evolved in presence of the zinc reduces the ferric iron to ferrous 
condition. The procedure is described in detail under the Permanganate Method 
for Determination of Iron, page 254. Titanium if present will also be reduced. 

4 . Reduction vdth Sulphurous Acid, Sodium Sulphite or Metabisulphite. 
SO, gas is passed into a neutral solution of iron, since iron is not reduced 
re^ly in an acid solution by this method. The excess SO, is expelled by acidi¬ 
fying the solution and boiling. 

6. Reduction with potasBium iodide, the liberated iodine being expelled by 
heat. 


In the solution of the ore ivith stannous chloride and hydrochloric acid, if an 
races* of the /crmcr has been accidentally added, it will be necessary to oxidize the 
iron before reduction. This may be accomplish^ by addition of hydrogen peroxide 
until the yellow color of ferric chloride appears {or by addition o/KMnO, solution), 
the excess H,0, may be removed by boiling. The iron may now be reduced by one of 
the above methods. 


* Amalgamated zinc is best prepared by dissolving 6 grams of mercury in 25 cc 
of concentrated nitric acid with an equal volume of water, 250 cc. of water are added 
and the solution poured into 600 grams of shot zinc, 20-megh. When thoroughlv 
amalgamated the solution is poured off, and the zinc dried. 
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Volumetric Determination of Iron by Oxidation with 
Potassium Dichromate 

Prtociple. This method depends upon the quantitative oxidation of fenroits 
salts in cold acid solution (HCl or HjSOd to ferric condition by potasrium 
dichromate, the following reaction taking place: 

6FeCl,+K,Cr,0,+14HCl=6FeCl,+2CrCl,+2KCH-7H,0. 

Potassium ferricyanide is used as an outside indicator. This reagent prfl-' 
duces a blue compound with ferrous salts and a yellowish-brown with ferrio. ■ 
The chromic salt formed by the reaction with iron colors the solution green. 

Reagents Required. Standard Potatsium Dichromata. When "Oxygen 
reacts with ferrous salts, the following reaction takes place: 

CFet^l,+f)HCl+30 =6FeCl,-b3H,0. 

Comparing this reaction with that of dichromate, it is evident that a normal 
solution of dichromate contains one-sixth of the molecular weight of KtCrtOi 
per liter, namely, 49.033 grams. For general use it is convenient to have two 
strengths of this solution, N/5 for ores high in iron and N/10 for products con¬ 
taining smaller amounts. 

Standardization. For N/5 solution 9..S07 grams of the recrystallized de¬ 
hydrated salt are dissolved and made up to one liter; N/10 potassium dichro¬ 
mate contains 4.903 gnuns of the pure .salt iM‘r liter. It is advisable to allow 
the solution to stand a few hours licfore standardization. The Sibley iron 
ore furnished by the U. S. Hureau of Standards, Washington, D. C., is recom¬ 
mended as the ultimate standard. Other ores unifonn in iron may be standardized 
against the Sibley ore and used as standards. For accurate work it is desirable 
to use a chamber burette with graduations from 75 to 90 cc. in tenths and 
from 90 to 100 in twentieths of a cc. A titration of 90 to 100 cc. of the di- 
chromate would reipiire 0.9 to 1.1 gram of iron lor a fifth normal solution 
and half this amount for a tenth normal solution of dichromate. The ore is 
best di.ssolvcd in strong HCl, adding a few drops of stannous chloride solution 
and heating just below boiling. In ca.se of an ore or iron ore briquette, con¬ 
taining silica in an appreciable amount, a carbonate fusion of the residue may 
be necessary. Reduction and titration of the ore is done exactly as prescribed 
later. 

The equivalent iron in the ore divided by the cc. titration required for com¬ 
plete oxidation gives the value in terms of grams per cc., e.g., 1.4 gram of ore 
containing 69.2% Fe required a titration of 95 cc. KjCrjO, solution, then, 

1 cc. -0.0102 gram Fe. 

Stannoiu Chloride. Sixty grams of the crystallized salt dissolved in 600 
cc. of strong HCl and made up to one liter. The solution should 1« kept well 
stoppered. 

Mercuric Chloride. Saturated solution of HgCl, (60 to 100 grams per liter). 

Potmeium Perricyantde, K^e{CrO%. The salt should be free of ferrocyanide. 
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as this produces a blue color with ferric salts, which would destroy the end* 
point. It is advisable to wash off the salt before using. A crystal the size of 
a pinhead dissolved in 50 cc. of water is sufficient for a series of determinations. 
The solution should be made up fresh for each set of determinations. 

Apparatus. Chamber burette. This should read from 75 to 90 cc. in 
tenths and from 90 to 100 cc. in twentuiths of a cc, 

Te$t Plate. The usual porcelain test-plate with depressions may be replaced 
by a very simple and efficient test-sheet made by dipping a white sheet of paper 
in paraffin. The indicator does not cling to this surface, the drops assuming 
a spherical form, which renders the detection of the end-point more delicate. 

Procedure. Iron Ores. The amount of sample taken should be such that 
the actual iron present would weigh between 0.9 to 1.1 gram. This weight 
can be estimated by dividing 95 by the approximate percentage of iron present, 
e.g., for 60% Fe ore take fg^ = 1.9 gram; 95% iron material would require 1 
gram, whereas 20% Fe ore would reciuire 4.75 grams. 

For samples containing less than 20% Fe it is advisable to use N/10 K 2 Cr 207 
solution. 

The sample should bo finely ground (80-mesh). 

Solution. The hydrochloric acid method for solution of the oxidized ore 
with subsequent carbonate fusion of the residue is recommended as being suitable 
for iron ores, briquettes, and nuaterials high in iron. 

Reduction. H 2 S reduction is recommended in ores containing arsenic or 
titanium. SnCl, in very slight excess, followed by mercuric chloride, HgCU, 
gives excellent results in absence of other n'duciblc salts of elements, Cu, As, etc. 

Test Lead. The easy manipulation and efficiency of this method of reduc¬ 
tion makes it applicable for a large variety of conditions. The acid solution 
preferably, HCl, is diluted to about 1.50 to 200 cc., containing 15 to 20 cc. con¬ 
centrated hydrochloric acid (sp.gr. 1.19). Sufficient test lead is added to cover 
the bottom of a No. 4 beaker. The solution covered is boiled vigorously until 
it becomes colorless. Copper, if present, is precipitated as metallic copper, 
and small amounts of arsenic and antimony eliminated from the solution during 
the reduction of the iron. The cooled solution is poured into a 600-cc. beaker 
and the mat of lead remaining in the No. 4 beaker washed free of iron, two or 
three 50-cc. washings being sufficient. The main solution and washings are 
combined for titration. If the solution is slightly colored, due to reoxidation 
of iron, a few droi>s of stannous chloride solution are added to reduce it, followed 
by an excess of HgCli solution, 20 to 25 cc,, and allowed to stand five minutes. 

Titration. The standard potassium dichromate is run into the solution to 
within 6 to 10 cc. of the end-point, this luiving been ascertained on a portion 
of the sample. The dichronmte is run in slowly near the end-reaction, and 
finally drop by drop until a drop of the solution mixed with a drop of potassium 
ferricyanide solution produces no blue color during thirty seconds. A paraffined 
surface is excellent for this test. 

F6X 100 

Cc. KjCriOr multiplied by value per cc. = Fe present in sample. % =« ■■ -r —. 

Wv« t&KQIi 

Notbs. If SnCli solution has been used for reduction of the iron, 't is necessary 
to add the HgCU rapidly to a cold solution, as slow addition to a warm solution is 
apt to precipitate metallic mercury. 

In caae an excess of dichromate has been added in the titration, as often occurs, 
back titration may be made with ferrous ammonium sulphate (NHd^Oi-FeSOfOHjO. 
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N/IO solution of this reagent may be prepared by dissolving 9.81 grams of the clear 
crystals in about 100 cc. of water, adding 5 ec. of concentrated HjStb and making to 
2S0 cc. The solution should be standardized against the dichromate solution to get 
the equivalent values, by running the dichromate directly into the ferrous solution. 

The ferricyanide indicator should be made up fresh each time it is requited. 

Large amounts of manganese in the iron solution titrated cause a brown coloration, 
which masks the end-point. N ickel and cobalt, present in large amounts are objeotion- 
ab'e for the same reamn. This interference nuiy be overcon c by using very dilute 
acid solutions of ferricyanide indicator, so that the insoUible ferricyanide of these 
metals will not form. 

Dichromate Method for Iron with Diphenylamine Indicator 

The disadvantage of the dichromate method in requiring an outside 
indicator (potassium ferricyanide on a spot plate) is overcome by the procedure 
outlined by J. Knop (The Journal of the American Chemical Society, 46, 263 
(Feb., 1924)) in which diphenylamine is used as an internal indicator, the 
end point being a violet blue or blue-black. 

Reagents 

0.1 N Potassium Dichromate solution. 

Sulphuric-Phosphoric Acid Mixture. 1.50 cc. sulphuric acid (d. 1.84), 150 cc. 

phosphoric acid (d. 1.7), diluted to 1000 cc., 15 cc. used. 

Diphenylamine solution. 1 g. diphcnylaniine di.s.solvcd in 100 cc. of strong 
sulphuric acid. 3 drop.s used as indicator. (A color change to brown 
docs not impair the efficiency of the indicator.) 

Procedure for Ores 

Half to 1 gram of the ore is digested with 20 cc. of strong hydrochloric 
acid at 70-80° C., the solution diluted with an equal volume of water and 
filtered. The insoluble residue is fused with sodium carbonate in a platinum 
crucible,* the melt dissolved in dilute hydrochloric acid, the iron precipitated 
with ammonium hydioxide and filtered off. The ferric hydroxide on the 
filter is dissolved with a few cc. of dilute IlCl and the solution added to the 
main solution containing the iron. 

The iron is now reduced bj' addition of stannous chloride solution (60 g. 
SnCli in 600 cc. HC^l and 400 cc. ILO) added cautiously until the color of iron 
is no longer evident (other reducible elements must be absent, i.c., Cu, As, 
etc.), the excess of stannous chloride is overcome with mercuric chloride 
solution (saturated solution) as usual. 

15 cc. of sulphuric-phosphoric acid mixture arc added and 3 drops of 
diphenylamine indicator, the solution is'dilutcd to 1.50-200 cc. and titrated 
with 0.1 N potassium dichromate solution. ^ 

Near the end the green color of the solution deepens to a blue-green or in 
presence of a large amount of iron to a grayish blue. The dichromate is now 
added dropwise until the color changes to an intense violet blue. 

1 cc. 0.1 N K,Cri07= 0.0056 g. Fe. 

Notes. The method has the advantage of having no fading end point as is obtained 
in the permanganate titrations in presence of mercurous chloride. The method permits 
back titration with standard ferrous solution. Organic substances do not interfere 
as they do in permanganate titrations. Zinc, aluminum, maiifmnese, nickel, cobalt 
and chromium do not interfere. Copper present in quantities less than 1 mg. da« 
not interfere, in larger quantities it lowere results as it assists oxidation of Iron ny air. 
Trivalent arsenic raises results as it is oxidized by dichromate to pentavalent form. 

* The residue may be fused with KHSO4 in glass in plods of Pt. 
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Potassium Permanganate Method for Determination of Iron 

Introduction. The meth<xl depends upon the quantitative oxidation of 
ferrous suits to the ferric condition when potassium permanganate is added to 
their cold solution, the following reaction taking place; 

10FeSO,+2KMnO4+8H,SO.=5Fe,(SO,),+K^O4+2MnSO4+8H.O. 

Hydrochloric acid in presence of iron salts has a secondary reaction upon 
the permanganate, e.g., 

2KMnO.+16Ha=2KCl+2MnCl.+8H,O+10Cl. 

This reaction may be prevented by addition of large amounts of zinc or man¬ 
ganous sulphates together with an excess of phospnoric acid or by large dilu¬ 
tion. See note on page 257. The solution is diluted and reduced with zinc 
and titrated as directed. 

The reduction of ferric sulphate is best accomplished by passing the solution 
through a column of amalgamated zinc in the Jones reductor. In presence 
of titanium, reduction is accomplished by HjS in a hydrochloric acid solution of 
the iron. 

Since potassium permanganate enters into reaction with acid solutions of 
antimony, tin, platinum, copper and mercury, when present in their lower state 
of oxidation, (also with manganese in neutral solutions) and with SO>, H>S, NiO, 
ferrocyanides and with most soluble organic bodies, these must be absent from 
the iron solution titrated. 

Potassium permanganate produces an intense pink color in solution, so that 
it acts as its own indicator. 

Solutions Required. Standard Permanganate Solutiona. As in case of 
potassium dichromatc, it is convenient to liavo two standard solutions, N/5 
and N/10. 

From the reaction given above it is evident that 2 KMn 04 are equivalent to 
6 oxygens, e.g., 2 KMn 04 =Ki0-l-2Mn0-|-50, hence a nonnal solution would 
contain one-fifth of the molecular weight of KMn 04 =31.6 grams of the pure salt. 

Since commercial potassium permanganate is seldom pure, it is necessary to 
determine its exact value by standardization. This is commonly accomplished 
by any of the following methods; 

(а) By a standard electrolytic iron solution. 

(б) By ferrous salt solution, e.g., (NH 4 )jS 04 'FeS 04 * 6 HjO. 

(c) By oxalic acid or an oxalate. 

Reaction. 2 KMn 04 + 5 Na,C, 04 -|- 8 H,S 04 

=K,SO4-l-2MnSO4-l-5Na.SO4-H0CO,-F8H.O. 

Standardization of KMn 04 against sodium oxalate is recommended as the 
most accurate procedure. 

To standardize 0.2 g. of pure sodium oxalate, equivalent to 0.2+ .0067 
= 29.9 cc. 0.1 N solution (or if preferred 0.67 g. =-100 cc. 0.1 N solution), is 
dissolved in 100 cc. hot water and 5-10 cc. HjS 04 (1.84) and titrated with 
the permanganate solution until a faint pink color, that persists, is obtained. 
The oxalate equivalent in cc. divided by cc. KMnOi required “normality of 
KMn 04 , in terms of N/10 solution. 
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Procedure for the Determination of iron by the Jones Reductor 

Preparstioa of Sample. Such an amount of the sample is taken that the 
iron content is between two- and three-tenths of a gram (0.2 to 0.3 gram). If 
hydrochloric acid has been required to effect solution, or hydrochloric acid and 
nitric acid (25 cc. : 1 cc.), as in case of iron and steel, 4 to 5 cc. cone, sulphuric 
are added, and the solution evaporated to small bulk on the steam bath and to 
80i fumes to remove hydrochloric acid. The iron is taken up with about 50 cc. 
dilute sulphuric acid, 1 :4, heating if necessarj’, and filtering if an insoluble 
residue remains. 

Preparation of the Reductor. Cleaning out the apparatus. See }‘''ig. 40. 
The stop-cock of the reductor is closed, a hea\^Mvalled flask or bottle is put into 

position at the Iwttom, and 50 cc. of dilute 
sulphuric acid poured into the funnel. The 
cock is opened and the acid allowed to flow 
slowly through the zinc in the tulje, applying 
a gentle suction. Before the acid has drained 
out of the funnel, 50 cc. of water are added, 
followed by 50 cc. more of dilute sulphuric 
acid and 50 cc. of water in turn. The stop¬ 
cock is turned off before the water has drained 
completely from the funnel so that the zinc is 
always covered by a solution of acid or water. 

Determination of the Blank. Fifty cc. 
of dilute sulphuric acid, 1 :4, are passed 
through the reductor, followc^d by ‘i.'iO cc. of 
distilled water, according to the directions 
given above. The acid sniutioti in the flask 
is then titrated with N/10 KMnO. solution. 
If more than 3 or 4 drops of the permanga¬ 
nate arc re<tuired, tiie operation must be re- 
]M;ated until the blank titration does not 
Fio. 40.—Jones Ueduetor. exceed this amount. 'I'ho final blank obtained 
should be deducted from the regular determinations for iron. The end-point of 
the titration is a faint pink, persisting for one minute. 

Reduction and Titration of the Iron Solution. The sample is diluted 
to 200 cc., and, when cold, is nm into the funnel, the stop-cock opened and 
the solution drawn slowly through the column of zinc into the flask, about four 
minutes being rctiuired for 200 cc. of .solution. Before the funnel has com¬ 
pletely drained, rinsings of the vessed which contained the sample are added; 
two fiO-cc. portions are sufficient, followed by aliout .lO cc. of water. The 
stop-cock is closed before the solutions have completely drained from the funnel. 

Titration. The flask is removed and tenth normal solutic.n of perman¬ 
ganate added until a faint pink color, iK-rsisting one minute, is obtained. The 
blank is deducted from the cc. reading of the burette. 

One cc. N/10 KMnO<= .005584 gram Fe; or .007084 gram FcjOi. 

Note. Diphenylamine indicator may be used as in case of dichromate titrations 
of iron. See page 255. Titrations may be made in presence of considerable HCl by 
this means. 




257a 


IRON 


OPTIONAL PERMANGANATE METHOD FOR IRON IN ORES 

1. Solution of the Sample. 0..5 gram of ore. 8 -oz. flask. With oxidized 
ores add 10-15 cc. of IICl and warm gently until the iron oxide is dissolved; 
then if sulphides arc also present add 5 cc. of HNOa to decompose them also. 
With straight sulphides use 10 cc. of HCl and 5 cc. of HNOj. When decom¬ 
position is complete add 5 cc. of HaS 04 and boil over a free flame nearly to 
dryness. 

Refractory Ores. Certain silicates, oxides of iron, furnace slags, etc., do 
not decompose with acid treatment. Decomposition may be accomplished 
by fusion methods followed by solution of the fused mass with water and 
hydrochloric acid. Fusions with NajCOs and KjCOj are made in a nickel or. 
platinum crucible and are recommended for materials high in silica. Fusions 
with an acid flux, KjSOi (-|-5 cc. H 2 SO 4 d. 1.84) or KHSO 4 arc recommended 
for oxides. These latter fusions are conveniently carried out in pyrex flasks 
held by a heavy wire clamp. About 10-15 grams of the solid flux is added 
to the ore in the flask and the fusion completed by heating until the mix 
becomes transparent. Oxides which do not readily decompose may be brought 
into solution, frequently, by adding a little piece of filter paper to the molten 
mass in the flask. The carbon thus furnished reduces the oxides, effecting 
decomposition. If decomposition is incomplete, the water and acid extraction 
is made, the soluble constituents decanted off and the residue again fused 
with more KHSO 4 and filter paper. It may be necessary to follow KHSO 4 
fusion by the NajCOs fusion, on the insoluble residue remaining from the acid 
extraction of the KHSO 4 mass. 

2. Reduction. After cooling, add 30 cc. water, 10 cc. HCl and 6 grams of 
20 mesh granulated zinc. Not necessary to get salts into solution. Now add 
3 cc. of a 4% copper sulphate solution. Allow to stand until the action has 
become feeble. 

3. Add 50 cc. of cold water and then 10 cc. of strong H 2 SO 4 and allow to 
stand until the zinc is nearly all dissolved. 

4. Filtration from Insoluble Gangue and Excess Zinc. Prepare a filter by 
placing a rather thick wad of absorbent cotton in a funnel and wetting it into 
place. Place a battery jar, or a liter beaker containing about an inch of cold 
water, under the funnel. Have the beaker marked at the 700 cc. point. 

5. When the zinc in the flask has nearly all dissolved, filter the liquid 
through the absorbent cotton and wash out the flask at least 10 times with 
cold water, pouring through the filter. Use the wash bottle reversed to save 
time, and use enough water for each wash to completely cover the absorbent 
cotton. Allow to drain between washes. Continue the washing until the 
filtrate reaches the 700 cc. mark on the beaker. 

6. Titration of the Sample. Titrate at once with standard permanganate 
to a very faint pink tinge and take reading. 

7. A blank should previously be run on the zinc to determine any correction 
(usually due to a little iron) necessary. Deduct this correction from the above 
reading. 

8 . Multiply the cc. of permanganate used by the factor for iron. 

9. Standardization of Permanganate. See procedure on the following 
page. 
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Diphenylamina Indicator in Permanganate Titrations of Iron.* As in 

case of titrations of iron with potassium dichroraate, diphenylamine may be 
used in potassium i^rmanganate titrations. The advantage of the indicator 
is in the fact that titrations may be made in presence of considerable hydro¬ 
chloric acid and in the presence of tin and mercury salts without a fading end¬ 
point, obtained, when permanganate is u.sed alone. The blue color is more 
intense than the pink of potassium permanganate. 


Procedure 

Decomposition and Reduction of Sample. The procedure given on page 
315 applies also to this method. 

Titration. About 15 cc. of phosphoric-sulphuric acid mixture are added 
and the solution is diluted to about 100 cc. 0.2 cc. (4 dro|)s) of diphenylamine 
indicator are added and the titration now made with the standard [K>'tassium 
permanganate solution. The color becomes green, deepening to a blue-green 
or grayish blue. The reagent is now added “ dropwise ” until an intense 
violet blue or dark blue color is obtained. 

1 cc. 0.1 N KMnOi 0.005584 g. Fe. 

Noms. If 0..5584 gram of sample is taken then 1 cc. of 0.1 \ potassium perman¬ 
ganate is equivalent to one per cent of iron. 

The phosphoric-.sulphuric acid mixture prevents the yellow color of iron from 
producing a green with the blue end-point. A larger amount of indieator than is 
recommended should not l>c u.s<5d. as this necessitates a blank iKiing deducted for the 
action of the oxidising agent on the indicator. 

Standardization of Potassium Permanganate-Oxalate Method. Weigh 0.2 
to 0.3 gram of pure sodium oxalate, place in a beaker and add 200 cc. of water 
and about 5 cc. strong sulphuric acid. Heat to boiling and titrate w'ith the 
potiissium [Kirmanganate solution. The reaction starts slowly, but with the 
progress of the titration the action becomes vigorous. Towards the end of 
the reaction the pink color fades less rapidly and finally a permanent pink color 
is obtained with one drop of the reagent. 

Calculation of Normality. .Since 07 grams of .sodium oxalate per 1000 cc. 
of solution is a normal solution the cc. equivalent of the amount taken is 
obtained by dividing by 0.007. This value divided by the titration of the 
oxalate with the reagent being standardized will give the normality of the 
reagent. 

Example. Suppose 0.268 gram of sodium oxalate required a titration of 
50 cc. of the permanganate .solution. Since 67 g. is equivalent to 1000 cc. 
N solution of sodium oxalate, then 0.268 is equivalent to * 

0.268 X1000 divided by 67 = 4 cc. N sol. 

4 divided by .50 = 0.08 N. 

‘Wilfred W. Scott, Jour. Am. Chem. .Soc., 40, 1396, (June, 1924). 





Determin||tion of Ferric Iron by Titration with ^Tltanous Sait 

Soiution ‘ 

Method of Knccht and Hibbert' (modified by Thornton and Chapman’) 

Introduction, The iron aolution, which may contain hydrochloric acid, 
sulphuric acid or hydrofluoric acid (provided boric acid be added in considerable 
excess) — but hot nitric acid, is 
titrated while cold (15-20° C.) with 
a standard solution of titanous sul¬ 
phate,’ using ammonium thiocya¬ 
nate as indicator, until tlie red color 
of the ferric thiocyanate just dis¬ 
appears. 

Any substance that might re¬ 
duce the ferric iron or oxidize the 
titanous salt should, of course, be 
absent. Many forms of organic 
matter, however, do not interfere. 

Copper is quantitatively precipi¬ 
tated as cuprous thiocyanate, and 
certain other metals of the hydro¬ 
gen sulphide group arc not without 
effect. Platinum salts, chromic 
acid (not chromic salts) and va- 
nadic acid exert an oxidizing action 
on the titanium compound. 

Reagents. Titanous Sulphate 
Solution^ (1/10 Normal). The ti¬ 
tanium solution is prepared by 
mixing 100 cc. of a 20% solution 
of titanous sulphate with 80 cc. of 
, sulphuric acid (1:1) and making 
,up the volume to 1 liter with cold 
* water. 

Ammonium Thiyanate Solu¬ 
tion, One hundred grams of the 
crystals are dissolved in water, fil¬ 
tered and the clear solution diluted 
to 1 liter. 



Fio. 40a.—Apparatus for Storing and 
Using Titanous Salt. 


Ferric Ammonium Sulphate Solution.* Forty eight grams of ferric alum 
crystals are dissolved in water, the solution acidified with .50 cc. of concen¬ 
trated sulphuric acid and after filtration the volume made up to 1 liter. 

•E. Knecht and E. Hibbert, “New Reduction Methods in Volumetric Analysis,” 
1918, pp. 12,4a 51 and 53. . 

* Wm. M. inornton, Jr. and J. E. Chapman, J. Am. Chem. Soc., 43, 91 (1921). 

• Knecht and Hibbert employ titanous chlonde, which for most purposes is equally 
efficient, lather ssJt, in the form of a 20% solution, may be obtained from The I* 
Motte Chemical Products Co., 13 W. Saratoga St., Btutimore, Md. 

' < The ferric alum solutiob will serve for a “back titer” in any analysis, and it will 
ejuMe the operator to quickly detect any change in the oxygen consuming capacity of 
the titanous salt solution. 
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Apparatus^ The titanous sulpitate solution, firepared as described above, 
is charged into the storage bottle S, Fig. 40a, the volume being so^tegulated 
as to fill the container to its neck. The stopcock F is then turned so that the 
liquid ri.ses in the burette B and on up until hydrostatic equilibrium has been 
reached. With the hydrogen supply turned on from the Kipp generator K, 
the burette is allowed to empty itself by propf'rly manipulating the cock F, 
and a current of pure hydrogen is maintained through the apparatus till it is 
reasonably certain that all air from within the system luis been displaced. 
On being refilled the burette will be ready for service. 

Standardization. One and live tenths grams of ferrous ammonium sulphate 
(C. P. cr^tals) are weighed with e.xactness into a ofK) cc. Erleumeyer flask and 
dis.solvediu about 150 cc. of water. Ten cc. of sulphuric acid (1:1) are added 
and the solution titrated at once with |H>ta.s.sium permanganate, which has 
previously been standardized against Bureau of Standarils sodium oxalate, 
until the ciul-point is just reached. After boiling for 10 minutes, the liquid is 
cooled at the tap to about 15° ('. and titrated carefully with titanous sulphate 
in the presence of 10 cc. of the ammonium thiocyanate solution to comiflete 
loss of color. Another 1.5 gram portion of the same ferrous ammonium sul¬ 
phate is titrated with titanous sulphate—omitting, however, the i)reliminary 
oxidation with permanganate. If the second small titer be deducted from the 
first titer, the difference will give the iron value of the titanium .solution against 
sodium oxalate; while the main titer (uncorrecteil) will serve ns a basis on 
which to calculate the .standard against ferrous ammonium sulphate. Wit.h 
specimens of ferrous ammonium sulphate of good (pialify, the results will be 
found to be in do.se agreement; but in case there is any considerable dis¬ 
crepancy, preference should be given to the sodium oxalate value. 

Procedure. Ferric Iron. The solution, which may conveniently contain 
any amount of iron up to 0.2.S gram ami who.se initial volume should not at 
the most exceed 500 cc., is titrated with titanous sulphate—using the same 
quantities of reagents and otherwise as prescribetl above*. 

Total Iron. To determine the entire amount of iron present, notwith¬ 
standing its .state of oxidation, the whole must be gotten into the ferric con¬ 
dition. This may be accomplisheel in one of three ways: (1) the solution is 
treated with hydrogen iieroxide in aminoniacal solution and boiled to decompose 
the exce.ss of the peroxide and finally acidified with hydrochloric acid; (2) the 
sulphuric acid solution i.s titrated with potassium permanganate (the exact 
strength of which need not be known) as detailed under standardization; 
(3) the solution is oxidized with potassium chlorate and hydrochloric acid and 
the excess chlorate removed by evaporation. The .second methotl is generally 
to be preferred. Large amounts of hydrochloric acid may l>e removed by 
evaporation on the water bath with sulphuric acid in excess; but with small 
concentrations of said acid the evil effect upon permanganate may be offset 
by adding a sufficient quantity of the Zimmermann-Reinhardt preventive 
reagent. 67 g. MnS0«.4H80-f .500 cc. HjO-f-lSS cc. HjP04 (sp. gr. 1.7) 
+ 130 cc. H^04 (sp. gr. 1.82). Mixture diluted to 1000 cc. 


22 
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Stannous Chloride Method for Determination of Ferric Iron 

The procedure is based upon the reduction of the yellow ferric chloride to 
the colorless ferrous salt by stannous chloride, the following reaction taking place: 

2FcCl,+SnCb =2FeCU+SnCl4. 


Pt'sc to 


Burette 

.Clomp 



I 



The method is of value in estimating the quantity of ferric iron in presence 
of ferrous, where the two forms are to be determined. In order to obtain the 
total iron the ferrous is oxidized by adding 
a few crystals of potassium chlorate and tak¬ 
ing to dryness to expel clilorine, and then 
titrated with stannous chloride. 

The accuracy of the method depends 
upon the uniformity of conditions of tem¬ 
perature, concentration, etc., of making the 
run with the sample and of standardizing the 
stannous chloride. The solution should bo 
free from other oxidizing agents, or from 
salts that give colored solutions. 

The amount of iron in terms of ferric 
oxide that can bo estimated by this procedure 
ranges from 0.002 gram to 0.05 gram. 

Reagents. Stannout Chloride Solution. 

The reagent is prepared by dissolving 2 grams 
of stannous chloride crystals in hot concen¬ 
trated hydrochloric acid and making up to 
1 liter. The solution should be kept in a 
dark bottle to which the titrating burette is 
attached in such a way that the liciuid may 
be siphoned out into this, as shown in the 
illustration, F’ig. 41. The air entering the 
bottle passes through phosphorous or pyro- 
gallic acid to remove the oxygen. In this way, protected from the air, the 
reagent will keep nearly constant for several weeks. It is advisable, however, to 
restandardize the solution alwut every ten to fifteen days. One cc. will be equiv¬ 
alent to about 0.001 gram Fe. 

Stando’d Iron glutton. 8.6;122 grams of ferric ammonia alum is dissolved 
in dilute hydrochloric acid and made up to one liter. The iron is determined in 
100-cc. portions by the dichromato method. One cc. will contain about 0.001 
gram Fe. 

Procedure. To the sample in a casserole is added 25 cc. of concentrated 
hydrochloric acid and an equal volume of water. The resulting solution is 
heated to boiling and quickly titrated with the stannous chloride reagent 
until the yellow color fades out and the solution becomes colorless. ’ 

N^. The titraUon should be done quickly, as the iron will reoxidize on standinit 
wlorl^ button ^® ond-point is the first change to a 


tleoyy Wotl Tube 
with small bore 


/^assure rehose 
lube. Finger mheed 
Oyer openinqduring 
filling of S/rette ^ 


Valve 


^Ive 
■ Openinef 
Large test tube 
\hoving interior 
wall coated mfh 
\ phosphorus 


II -rz:' Bfandard 
Stannous 
■ Chloride 


Fia. 41.—Apparatus for Stannous 
Chloride Titration of Iron. 
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COLORIMETRIC METHODS FOR THE DETERMINAtlON OF 
SMALL AMOUNTS OF IRON 

Iron Traces. Sulphocyanate (Thiocyanate) Method * 

Introduction. By this method I part of iron may l>e detected in 60 million 
parts of water. Tlio presence of free mineral acid increases the sensitiveness 
of the methixl, so that it is esp»:cially applicable to the determination of small 
amounts of iron in mineral acids. It is available in presence of many of the 
ordinary metals and in presence of organic matter. Silver, copjHT, cobalt, mer¬ 
curic chloride, however, interfere. 

Nitric acid gives a color with suli)hocyanates that may Ix! mistaken for 
iron. 

This method, like the stannous chloride method, determines only the ferric 
iron. It is bascid on the fact that ferric iron aiul an alkali sulphocyanate, 
ammonium or potassium sulphocyanates, in an acid solution gives a red color, 
the intensity of which is proportional to the tpiantity of iron present. The 
color is due to the formation of the com|X)und, Fe((.'NS), !)K('\H-4H,0. 

Reagents Required. Standard Iron Solution. \ h'rric solution, the iron 
content of whi<‘h has beem iletermiiied, is diluted and divided so ns to obtain 
0.0001 granj Fe. 'i'his is made up to 2 liters with water eontaining 2(X) cc. of 
iron-free, C.F. lIjSO,. One hundred cc. of this solution, together with 10 cc. 
of normal ammonium sulphocyanatt! solution, is used as a standard. One 
hundred cc. contains 0.(KXK)2 gram Fe. 

Normal sulphocyanate contains 70.1 grams of NILCNS jx-r liter. 

Procedure. The weighed sample, I to 10 grams, or more if necessary, is 
dissolved in dilute lljSO, and oxidized by adding dilute ix'rnuinganate, KMn 04 , 
solution drop by drop until a faint jiink color is obtained. The sample is diluted 
to exactly 1(K) cc. and is jioured into a burette graduated to cc. Two 
colorless glass cylinders of the ll)0-cc., Ni'ssler tyixi are used for comparison 
of standard and sample. Into one cylinder is poured 100 ec. of the standard 
solution, made as directed above. Into the second cylinder containing 10 cc. 
of sulphuric acid with 10 ec. ammonium sulphocyanate, NII/INS, diluted to 
60 or 70 cc., the sample is run from the burette until the depth of the color 
thus produceil on dilution to ItX) cc. exactly matches the standard. From the 
number of cc. used the weight of the sample is calculated. One hundred cc. 
of the standard contains 0.00(K)2 gram Fe. 

Dividing the weight of iron in the standard by the weight of .sample used 
and multiplying by 100 gives the jwr cent of iron in the sample. 

.Notes. If other metals are present, that fonn two scries of salts, they must f>e in 
the higher state of oxidation, or the color is destroyed. (.Sutton.) (Ixalic acid, if pre*. 
ent, destroys the color. Oxidaiiott with KMnO, or KClOj with subsequent removal of 
Clj prevents this interference. (Lungi*, C. N., 78, 2.60,; 

Chlorides of the alkaline earths retard or prevent the sulphocyanate reaction. 
(Weber, C. N., 47, 165.) 

'^e colorimeter used lor the determination of minute quantities of IoimI would seive 
admirably for the determination of traces of iron by the sulphocyanate method. 

Acids, hydrochloric or sulphuric (diluted), may bo added directly to the ammonium 
sulphocyanate solution. 

• Thomson, J. C. S., 493, 1885, and C. N., 51, 259. Kruss and Moraht, C. N., M, 
265. Davies. C. N., 8, 163. > . • 
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Salicylic Acid Method for Determining Small Amounts of Iron 

Salicylic acid produces an amethyst color with neutral solutions of ferric 
salts, the depth of the color being proportional to the concentration of the ferric 
iron in the solution. The reaction is useful in determining small amounts of 
iron in neutral salts, such as sodium, ammonium, or potassium alums, sulphates, 
or chlorides, zinc chloride, etc. Phosphates, fluorides, thiosulphates, sulphites, 
bisulphites and free mineral acids should be absent. The sample should not 
contain over 0.0002 gram iron, as the depth of color will then too deep for 
colorimetric comparisons. As low as 0.00001 gram ferric iron may be detected. 
Ferrous iron produces no color with the reagents, hence the procedure serves 
for determining ferric iron in presence, of ferrous. 

The material is dissolved in 20 cc. of pure water, the sample filtered if cloudy, 
and transferred to a Nessler tube. Dilute potassium permanganate solution 
is added until a faint pink color is produced and then 5 cc. of a saturated solution 
of salicylic acid. (The reagent is filtered and the clear solution used.) Com¬ 
parison is made with standard solutions containing known amounts of ferric 
iron, the standards containing the same reagents as the sample. If desired 
the standard iron solution {0.0S6 gram ferric ammonium alum, clear crystals, dis¬ 
solved in water containing 2 cc. of dilute sulphuric acid and made to 1000 cc., 
each cc. contains approximately 0.00001 gram Fe'") is added from a burette 
to 6 cc. of salicylic acid diluted to 25 cc. in a Nessler tube, until the color of the 
Standard matches the sample. A plunger is used to stir the liquids. 
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TECHNICAL ANALYSIS OF IRON AND STEEL 

The elements carbon, manganese, phosphorus, sulphur, and silicon are in¬ 
variable constituents of iron and steel, and are always included in an analysis. 
Copper and arsenic are sometimes found; aluminum, chro¬ 
mium, nickel, molybdenum, tin, titanium, tungsten, vana¬ 
dium, and zinc occur in special alloy steels. Minute traces of 
oxygen, hydrogen, and of many other elementarj' constituents 
frequently are present, but are of so little importance that 
they are seldom considered in an analysis. 

The importance of the subject has called for a special 
chapter on the subject of iron and steel. This may bo 
found in volume II of this work. The individual determi¬ 
nations are given in chapters throughout volume I. We 
will deal with a few determinations here. 

Preparation of the Sample 

The sample of borings is taken from several portion.s of 
the piece by a drill, free from oil or grease, and stored in a a 
heavy nuinilla envelopt^. For carbon determinations samples 
contaminated by oil or grease should be thoroughly washed 
with ether before making the determination. 

Total Carbon 

The determination is required for an accurate estimation of carbon where 
the color test indicates the carbon content outside the limits of retiuircment, 
or in cases where interfering siibstances are i)rcsent. In material where the 
carbon content is of extreme imiiortance, the color method is not ttsed. Details 
of the procedure for detennining carbon by direct combustion arc given in 
the chapter on t'arbon. The following procedure is recommended by the 
Bureau of Standiu-ds: 

(a) In Irons. Two grams of iron arc mixed with about twice the weight 
of purified ferric oxide. The mixture is placed in a platinum boat, which is 
lined with a suitable bed imitcrial, and is burned in a current of oxygen, as 
described l>clow. 

(b) In Steels. The method is the same as for irons with omission of the 
ferric oxide mixture. 

Details of Direct Combustion Method. Furnace$ and Temperature of 
Burning. Porcelain tubes wound with “nichrome” wire, provided with sliit- 
able heat insulation and electrically heated, are us(h 1, and readily give tem¬ 
peratures to 1100° C. Ty|)e FB 301 Hoskins tube furnace and the hinged 
type. Fig. 326, are satisfactorj’. The temperature control is by means of an 
ammeter and rheostat in series with the furnace, with occasioital check by a 
thermocouple. 
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Boats and Lining, Platinum boats provided with a long platinum wire for 
manipulation in the tube are mostly used; alundum ones occasionally. The bed 
or lining on which the steel rests is 90-inesh “RR alundum, alkali-free, specially 
prepared for carbon determination.” A layer of this alundum is also placed 
in the bottom of the combustion tulie to prevent the boat sticking to the glaze. 
A platinum cover for the boat is sometimes used, and is essential when the 
combustion is forced. 

The nature and quality of the bed material are matters of great importance. 
Alumina ns prepared from the sulphate or from alum may not be free from 
sulphate or alkali, both of which have given sisrious trouble at the Bureau. The 
alkali, if present, may not manifest its<!lf by an alkaline reaction until after 
one or two combustions have been mad(i, using the same bed material. Even 
the ordinary white “alundum” on the market carries a few hundredths of 1% 
of alkali. Iron oxide has been tried, and when pure should, apparently, give good 
service. As yet, however, it has been diflicult to obtain or prepare acceptable 
material for use with steels. (Quartz sand gives rise to a fusible slag, which 
melting before combustion is complete, ineloscts bubbles of carbon dioxide gas. 
This defect would probably inhere in any otlier material of an acid character. 
The presence in the silica bed after combustion of crystals which appear to be 
carborundum, have occasionally been noted.i 

Purity of Oxygen. Blanks. The Bureau makes its oxygen clectrolytically, 
and its content of this element Ls usually 9!) to 99.,'>%, and .sometimes higher. 
Even with this gas a slight blank is usually obtained. When running a blank, 
in addition to the usual precautions, the rate at winch the oxygen is introduced 
should bo the same as when burning a si»mplc, and the time should be three to 
five times as long. 

Method of Admitting Oxygen and Rate of Combustion. The furnace being 
at the proper temperature, the boat containing the sample is introduced. Oxygen 
is admitted either at once or after the boat has n^ached the temperature of the 
furnace, as the operator prefers, or its the nature of the steel may demand. 
The rate of flow of the oxygen varies with the absorj)tion apparatus used and 
with the preference of the operator, and may bo considerably more rapid when 
absorbing carbon dioxide in soda lime than in an alkaline solution. A rapid 
flow of oxygen also facilitates the burning of r<!si.stant snmi)lcs. A continuous 
forward movement of the gas current is maintained at all times. The time 
for a determination varies, of necrasity, with the nature of the sample and the 
nite of flow of the oxygen, ranging from ten to thirty minutes. The endeavor 
is to obtain a well-fused oxide. With all samples close lacking in a small space 
is conducive to rapid combustion and to fusion of the resulting oxide. 

Authorities differ as to the advisability of allowing the oxide of iron to fuse 
thoroughly. Even when fusion does take place ad(litional carbon dioxide is 
obtained very frequently by grinding the oxide and reburning. Often more 
than one regrinding and reburning is necessary in order to reduce the amount 
of carbon dioxide obtained to that of the constant blank. 

Oxides of sulphur have been found very difficult to eliminate from the gases 
leaving the tul)c. I.«ad peroxide (“nach Dennstodt”) heated to 300“ C. and 
lino at room temperature appear to retain them best 

Attention is called to the inadmissibility of using dry agents of different 

* Statement of Mr, George M. Berrj', of the Halcomb Steel Co. 
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absorptive power in the same train, in positions where a difference could possibly 
affect results. 

Weighing of Tubes, There is much greater difficulty in securing constant 
conditions when weighing absorption tul)e3 than is usually considered to be 
the case. Electrical effects, caused by wiping as a preliminary to weighing, 
may occasionally cause errors in weight running into the milligrams. The 
use of counterpoises of equal volume and similar material and shape is recom¬ 
mended. 

If tubes are weighed full of o.\ygen, care is necessary to secure a uniform 
atmosphere in them. Even though the attempt is nuide to keep the apparatus 
always full of oxygen, some air is admitted when the boat is pushed into the 
combustion tube, and a much longer time is rctiuircd to displace this than is 
usually allowed, unless the flow of oxygen during aspiration is rapid. The 
same is true if the tubes are weighed full of air by displacing the oxygen left in 
them after the steel is burned. Another source of error may arise from the 
air admitted when putting the boat into the tube, if tlus air contains much 
carbon dioxide, as is the case when a gas furnace is used. The boat is usuaUy 
pushed at once into the hot furnace, and as combustion begins almost inune- 
diately, there is no opportunity f*>r displacing this air before the steel begins 
to burn. 


Graphite in Iron 

Two grams of iron are dis.«olved in nitric acid (sp.gr. 1.20), using 36 cc. and 
heating very gently. The residue is collected on an asbestos felt, washed with 
hot water, then with a hot solution of potiissium hydroxide (sp.gr. 1.10), fol¬ 
lowed by dilute hydrochloric acid and finally by hot water. After drying at 
100° C., the graphite is burned in the same manner as the total carbon, but 
without admixture of ferric oxide. 


Standard Specifications for Carbon 

Material Per Cent Carbon 

Automobile Carbon Steel. 0.05-0.15 up to 0.95-1.15 

Iloiler and Fire Box Steel Stationary Service. not over 0.25 

Carlwn .Steel Bars, Auto Springs. 0.■1.5-0.05 

Carlwn StetJ Bars, llailway Springs. O.W)-1.15 

Carbon Steel Hails. ( 0.37^^ 

\ Open Hearth 0.50-0.75 

Carbon Tool Steel. 0.05 ± 

Carimn Tool Steel High Speed. 0.05± 

Cold Drawn Bessemer Steel Automatic Screw Stock.0.08-0.16 

lire Box Steel. 0.12-0.30 

Forge Welding Ste*;! Plates Flange. 0.2 

Forgo Welding Steel Plates Structural. 0.2 

Ij»P Welded Seamless Boiler Tubes. 0.08-0.18 

.Carbon Steel Splice Bars. not over 0.3 

Medium Carbon Steel Splice Bars and Track Bolts.not under 0.45 

High Carbon Steel Splice Bara.’. not over 0.60 

Kivet Steel for Buildings, Cars and Ships. no specification stated 

Steel Castings. not over 0.45 

Quenched and Tempered Steel, Axles, Shafts and Forgings.. 0.26-0.70 

Wrought SoUd Carbon Steel Wheeb and Tires. | o.lfi^[fs 
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Manganese in Iron and Steel 

Ammonium Persulphate Method 

Small amounts of maiiKuiiesc may be determined colorimetrically by the 
persulphate method, provided the sam])le does not contain over 1.5% of 
manKaiicsc. 

Reaction. 2Mn(N()3)2+.'')(NlI,)2S.,0,+81120 

= .')(Mi3)2S03+5Il2S04+4nN03+2HMn04. 

0.1 to 0.2 gram of .steel, .according to the amount of manganese in the 
sample, is placed in a 10 in. test-tube and 10 cc. of nitric acid (sp.gr. 1.2) 
are added. The sample is lieatctd in a water bath until the nitrous fumes 
are driven off and the sted is completely in solution. 15 ec. of AgNOa sol. 
(1.5 g. per 1.) are added to tin; cooled sample, followed immediately with 
about 1 gram of umnionium persulphate crystals. The solution is warmed 
(80 to 90° V.) until the color commences to develop, and then for half a minute 
longer, and tlnm placed in a lasiker of cold water until the solution is cold. 
Comparison is now made with a standard steed treaitcd in the same way, 
the cnmpurise)n beung made exaedly as iiidicateel feer eletormining carbon by 
the ceelor mctheeel. Se'e chapter em ('arbeen. 

Example. If thee stanelarel, e'emtiiining 0.0% Mn, is diluted to 15 cc., each 
cc. = 0.0t% Mn. If the sample reciuireel a elilution of 20 cc. to match the 
standarel, then 0.0-1X20=0.8';,', Mn. 

Notk. If preferre-el, the .seiniple navy lae titreiteel with standard soelium arsenate, 
one cc. of which is eeiuivalent to 0.1';,', em basis eif 0.1 gram sample. 

Lead Oxide Method (Deshey) 

Oxidatiein eif the nuinganese in the steel is effecteel in a nitric acid solution 
by addition e>f red leael (eer by leael iiereixiele); the lead peroxide, formed, 
oxidizes the manganese nitrate tei ]iermauganic aciel. The solution is now 
titrated with standarel sodium arseuite, the feilleiwing reaction taking place: 

2HMn04+5Na3As()3-l-41IN()3=5Na,As04+3II..0+2Mn(N03)2. 

0.5 gram of steel is jilaced in a 150 cc. beaker anel {li.ssolved with about 
30 cc. of nitric aciel tsp.gr. 1.12). .\fter viedeiit action has subsided, the 
beaker is placed em a heit plate auel whim the iron has dissolved, 20 cc. of 
water addeil. The mangani'.se is now oxidizi'il by adding red lead in small 
portions at a time, until the solution appears brown with a pinkish purple 
foafti on the surface. *1 he solution is diluteal with hot water until the volume 
is about 100 ce. and then boih'il for a few minutes. It is now placed in a 
dark closet to cool. (A fresh batch of samjiles may bo started in the meantime.) 
The solution is cari'fully decanted off from the iieroxiile, and with the washings 
of the peroxide resiilue, titrated with standarel soelium arsenite to the yellowish 
green end-point. The sodium arsenite is maele by dis.solving 4.96 grams of 
pure arsenous acid together with 25 grama of soelium carbonate in 200 cc. 
of hot water and the solution diluted to 2500 cc. The arsenite is standardized 
against a steel sample of known manganese content, or against standard 
permanganate solution. 
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Bismuthate Method for Determiidng Manganese, Recommended by the 
U. S. Bureau of Standards 

This is the most accurate method for determining manganese in iron and 
steel. The proeedure i.s as follows: 

Procedure. One gram of drillings is dissolved in 50 cc. of nitric acid 
(sp.gr. 1.135) in a 200 cc. Erlenmeyer flask. Irons should be filtered. The 
solution is cooled, about 0.5 gram of sodium bismuthate is added, and it is 
then heated until the pink color has disapjieared. Any manganese dioxide, 
separating is dissolved in a slight excess of a solution of ferrous sulphate or 
sodium sulphite. The solution is boiled till free from nitrous fumes. After 
cooling to 15° C., a slight excess of bismuthate is added and the flask is shaken 
vigorously for a few minutes. Then 50 cc. of 3% nitric acid is added and the 
solution is filtered through asbestos. A measured excess of ferrous sulphate 
is run in and the excess titrated against permanganate solution which has 
been compared with the iron solution on the same da}'. A great many steels 
now carry small amounts of chromium as impurity. In such cases titration 
against arsenite solution is recommended, or removal of the chromium by 
zinc oxide and subsequent determination of the manganese by the bismuthate 
method. 

Permanganate solutions are standardized against sodium oxalate. 


Standard Specifications for Manganese 

Material I‘er Cent Manganese 


Automobile Carton Steels. 

Boiler and Fire Box .Steel Stationary .Service 

Carton .Steel Bars Auto .Springs. 

Carton .Steel Bars It. R. .Springs. 

Carbon .Steel Rails. 


Carton Tool Steel. 

Carton Tool .Steel High Speed. 

Cold Drawn Be.sseincr .Steel Automatic Screw Stock. 

Fire Box .Steel. 

Forge Welding Flange and .Structural .Steel Plates. 

Lap Welded .toaniless Boiler Tiitos. 

Open Hearth Steel Girders. 

Structural Nickel .Steel. 

Quenched High Carbon .Steel. . 

Wrought Solid Carton Steel Wheels and Tires | 


0.2.5-0.60 
0 .: i 0 - 0.()0 
0.60-0.80 
max. 0..5 

/ Bes.“emer 0.8-1.10 
t 0|)cn Hearth 0.3-0.0 
O.lOi 
0.15± 

0.(KM).80 

0.;{0-0.60 

0.3.5-0.60 

0..3(F-0.60 

0.60-0.!K) 

0.70. Ni not under 3.25% 
not over 0.80 

10.55-0.80 
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Determination of Phosphorus 

The procedures outlinofl by the Bureau of Standards are generally used in steel 
works laboratories. 

(а) Preparation of Solution and Precipitation of Phosphorus. Two 
grams of sample are dissolved in nitric acid (sp.gr. 1.13.5) and the solution is 
boiled until brown fumes no longer come off. Ten cc. of p<!rmanganate solu¬ 
tion (15 grams to 1 liter) are added, and the boiling is continued. Sodium sul¬ 
phite solution is aflded to dissolve the oxide of manganese, and the solution is 
again boiled and then fdtered. With irons the insoluble residue should be tested 
for phosphorus. After cooling the fdtrate, 40 cc. of ammonia (sp.gr. 0.96) are 
added, the solution is agitatesl, and when the temperature is at 40° C., 40 cc. 
of molybdate solution ‘ are added and tlie solution is shaken vigorously for 
five minutes. After settling out, the yellow precipitate is treated according to 
one of the following methods, 6 or c: 

(б) Alkalimetric Method. The precipitate Ls washed with 1% nitric acid 
solution followed by 1% potassium nitrate solution until the washings are 
no longer acid. The precipitate is dissolved in a measured excess of standard¬ 
ised sodium hydroxide solution and titrated back with standardized nitric acid 
using phcnolphthalein. The solutions arc standardized against a steel with 
a known amount of phosphorus. 

(c) Molybdate Reduction Method. The precipitate is washed ten to 
fifteen times with acid ammonium sulphate (prepared according to Blair) or 
until the washings no lotigcr react for iron or raolylxlenuin. It is dissolved 
in 25 cc. of ammonia (5 cc. ammonia of 0.90 sp.gr. to 20 cc. water). The filter 
is washed well with water and 10 cc. of strong sulphuric acid added to the 
filtrate, which is run through the rcductor at once and titrated against a N/30 
permanganate solution which hius been standardized against sodium oxalate. 

Standard Specifications for Upper Limits of Phosphorus 

Material 

Automobile Carlwn Steels. 

Boiler and Fire Box Steel, Stationary .Service | . 

Carbon Steei Bars Auto Springs. 

Carbon Steel Bars R. K. Springs. 

Carbon Steel Rails. 

Carbon Tool Steel. 

Carimn Tool Steel High Sperai. 

Cold Drawn Automatic Screw Stock. 

Fire Box Steel. 

Forge Welding Flange and Structural Slei'l Plates. 

Lap Welded Siamless Boiler Tulx's. 

low, Medium and High Carbon Splice Bars. 

Rivet Steel for Ships. 

Open Hearth Steel Girders. 

Steel Castings. 

Structural Steel for Cars and Ships. 

Structural Steel for Buildings. 

Quenched and Tempered Steel Axles, Shafte and Forgings. 

Wrou^t Solid Carbon Steel Wheels and Tires. 


Per Cent Limit 
of Phosphorus 
0.045 

I not over 0.04 

0.045 

0.05 

max. 0.10 
0.005 

0.01 or more 

0.09-0.13 

0.05 

0.04-0.06 

0.04 

0.04 

/Acid 0.06 
\ Basic 0.04 
0.04 

/Acid 0.07 
\ Basic 0.06 
I Acid 0.06 
\ Basic 0.04 
Bessemer 0.10 
0.05 
0.05 
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Gravimetric Method. Sulphur by Oxidation 

Five grams of iron or steel are dissolved in a 400-cc. Erlenmeyer flask, 
using 50 cc. of strong nitric acid. A little sodium carbonate is added, the 
solution is evaporated to dryness, and the residue baked for an hour on the 
hot plate. To the flask 30 cc. of strong hydrochloric acid are added, and 
the evaporation and baking are repeated. After solution of the iron in another 
30 cc. of strong hydrochloric acid and evaporation to a sirupy consistency, 
2 to 4 cc. of the same acid are added, followed by 30 to 40 cc. of hot water. 
The solution is then filtered and the residue washed with hot water. The 
sulphur is precipitated in the cold filtrate (about 100 cc.) with 10 cc. of a 
10% solution of barium chloride. After forty-eight hours the precipitate is 
collected on a paper filter, washed first with hot acid (containing 10 cc. of 
concentrated hydrochloric acid and 1 gram of barium chloride to the liter) 
until free from iron and then with hot water till free from chloride; or, first 
with cold water, then with 25 cc. of water containing 2 cc. of concentrated 
hydrochloric acid to the liter. The washings are kept separate from the 
main filtrate and are evaporated to recover di.ssolvcd barium sulphate.^ 

With iron the paper containing the insoluble residue above mentioned is 
put into a platinum crucible, covered with sodium carbonate free from sulphur, 
and charred without allowing the carbonate to melt. The crucible should be 
covered during this operation. Sodium nitrate is then mi.xed in and the mass 
fused with the cover off. An alcohol flame is u.sed throughout. The melt is 
dissolved in water and evaporated with hydrochloric acid in excess to dryness 
in porcelain. The evaporation with water and hydrochloric acid is repeated 
to insure removal of nitrates. The residue is extracted with a few drops of 
hydrochloric acid and water, the insoluble matter is filtered off, and barium 
chloride is added to the filtrate. The barium sulphate obtained is added to 
the main portion. 

Careful blanks are run with all reagents. 

Note. For volumetric method see chapter on sulphur. 


Standard Specifications for Limits of Sulphur 

Material Percentage. Limit 

of Sulphur 


Automobile Carbon Steels. 

Boiler and Fire Box Steel. 

Carbon .Steel Bars for Auto Springs. 

Carlxm Steel Bars for R. K. .Springs.. .. .. 

Gild Drawn Bessemer .Steel Automatic Screw Stock 

Carlxm Tool Steel. 

Carbon Tool .Steel High .Speed. 

Fire Box Steel. 

Forgo Welding Flange and .Stnictural Steel Plates. . 

I..ap Welded fteamless Boiler Tubes. 

Rivet Steel for Ships. 

Steel Ca.stings...; ■ 

Structural Steel for Buildings, Bridges, Care, Ships. 
Wrought Solid Carbon Steel Wheels and Tires. 


Q.C-W 

0.040 

0.04.'-. 

0 . 0.'>0 

0.07.')-0.150 
0.00.5 ± 

0.01 or more as specified 

0.0.50 

0.050 

0.045 

0.045 

0.060 

0.045-0.060 

0.050 
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Determination of Silicon 

One gram of pig iron, cast iron, and high silicon iron, or 5 grams of steel, 
wrought iron, and low silicon iron are taken for analysis. (By taking multiples 
of the factor weight 0.4693, SiOj to Si, the final calculation is simplified.) 
The sample is placed in a 250-cc. beaker and 20 to 50 cc. of dilute nitric acid 
added. If the action is violent, cooling the beaker in water is advisable. 
When the reaction subsides, 20 cc. of dilute sulphuric acid, 1 ; 1, are added, 
the mixture placed on the hot plate and evaporated to dense white fumes 
The residue is taken up with 150 cc. of water containing 2 to 5 cc. of sulphuric 
acid and heated until the iron completely dissolves. 

The solution is filtered and the silica residue washed first with hot dilute 
hydrochloric acid, sp.gr. 1.1, and then with hot water added in small portions 
to remove the iron sulphate. The residue is now ignited and weighed as silica. 

If there is any doubt as to the purity of the silica, moisten the residue 
(in a platinum crucible) with strong sulphuric acid and add a few cc. of hydro¬ 
fluoric acid (crucible cover full), evaporate to dryness, ignite and weigh. 
The loss of weight is due to silica. 

Notk. If the ash is colored by iron oxide, silica is determined by difference after 
expelling the silica by lutding 4 to .5 cc. of hydrofluoric acid and a few drops of sulphuric, 
taking to <byncss and igniting the riMiduc. 

The following acid mixtures are recommended by the U. P. Ry. For steel, wrought 
iron and low siluton in)n, 8 mrts by volume of llNOj, sp.gr. 1.42; 4 parts of cone. 
HjSOj, sp.gr. 1.84; 6 parts IICl, sp.gr. 1.2 and 15 parts by volume of water. For 
dissolving pig iron, cast iron and high silicon iron, a mixture of 8 parts by volume of 
strong‘nitric acid and 5 parts of strong sulphuric acid, diluted with 17 volumes of 
water, is used. 

Rapid Method for Determining Silicon in Foundry Work. Liquid iron, 
dropped into cold water from a ladle 3 ft. above the water, will form shot 
shaped according to forms resulting from its chemical constitution, silicon 
being an important factor. Round shot, concave upper surface, 1 to 3 in. 
in diameter, indicate over 2% silicon. Flat or irregular shot indicate low 
silicon. Shot with elongated tails indicate very low silicon. 

Other Methods for Determination of the Less Common Elements in 
Steel. Other elements more commonly sought in alloy steel are copper, 
nickel, chromium, vanadium, tungsten, titanium and molybdenum. Methods 
for estimation of these elements are given in the chapters dealing with these 
substances. A.S.T.M. Methods for Steel may be found in Vol. 2. 

Standard Specifications for Silicon 

Material Per Cent SUiepn 

Boiler and Fire Box PLatos. not over 0.03 

Carbon Steel Bars Auto ^rings. 1.^2.10 

Carbon Steel Bare R. R. Springs. 0.25-0.50 

Carbon Steel Rails Bessemer and Open Hearth.0.20 

Carbon Tool Steel.0.15± 

Carbon Tool Steel High Speed. 0.16± 

Cylinder Grade Pig Iron. 1.25-1.60 

Floor Grade Pig Iron. . 2.25-2.76 

Open Hearth Steel Girders... 0.20 

Wrought Solid Carbon Steel Wheels and Tires. | B^c 01^ M 

Norn. Tool Steels may contain 0.5 ±Cr, 0.75 ±W, 0.25 ±V, 0.5±Co and other 
elements. 
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Pb.at.icf. 307.3; «p. 0 r. 11.34; m.p. 337*; b.p. 1535* C; oxide#, PbO, 

PbO„ Pb,0.. 


DETECTION 

Hydrochloric acid precipitates lead incompletely from its cold solution as 
white PbCli, soluble in hot water by which means it is separated from mercurous 
chloride and silver chloride. PbCh forms needle-like crystals upon cooling the 
extract. 

Hydrogen sulphide precipitates black PbS from slightly acid solutions along 
with the other elements of the group.' Yellow anmioniuni sulphide, sodium 
sulphide and the fixed alkalies dissolve out arsenic, antimony and tin. The 
sulphide of lead, together with bismuth, copper and cadmium, dissolve in hot 
dilute nitric acid, leaving mercuric sulphide insoluble. The extract evaporated 
to dryness and then to SOs fumes, after addition of sulphuric acid, expels nitric 
acid. Upon adding water to the residue and boiling with a little additional 
sulphuric acid the sulphates of bismuth, copijer and cadmium arc dissolved out, 
lead sulphate remaining as a white residue. 

Lead may be further confirmed by dissolving the sulphate in ammonium 
acetate (barium sulphate is very slight’y soluble,) and precipitating the yellow 
chromate, PbCrO,, by addition of potassium diclu-omate solution. 

ESTIMATION 

The determination of lead is required in valuation of its ore.s—galena, 
PbS; anglesite PbSO,; cerussite, PbCO,; krokoite, PbCrO,; pyrornorphite, 
SPbJ’jOfPbCl,. It is determined in lead mattes; certain .slags; drosses from 
hard le^; cupel bottoms; skimmings; lead insecticides (arsenate of lead); 
paint pigments such as white lead, red lead, yellow and red chromates, etc. 
It is determined in alloys such as solder, type metal, bell metal, etc. The esti¬ 
mation is necessary in the complete analysis of a large number of ores, especially 
in minerals of antimony and arsenic. Traces of lead are determined in certain 
food products where its presence is undesirable. 

Preparation and Solution of the Sample 

In dissolving lead, its alloys, or ores the following facts will be recalled. 
Hot, dilute nitric acid is the best solvent of the metal. I>ead nitrate is insol- 

‘Lead precipitates best from solutions containing 1 cc, of concentrated free hydro¬ 
chloric acid (sp.gr. 1.19) for each 1(X) cc. of solution. The sulphide is appreciably 
soluble if the acidity is increased to 3 cc. HCl per 100 of solution. 

Chapter contributed by Wilfred W. Scott. 
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uble in concentrated nitric acid, but dissolves readily upon dilution with water. 
The metal is insoluble in dilute sulphuric acid, but dissolves in the hot, concen¬ 
trated acid. Although not soluble in dilute hydrochloric, it dissolves in the 
hot, concentrated acid, especially in presence of the halogens chlorine, bromine 
and iodine. The metal is soluble in glacial acetic acid. The salts are soluble in 
hot, dilute nitric acid. In dissolving sulphide eras it should be kept in mind that 
strong nitric acid will form some lead sulphate which will be precipitated upon 
dilution of the solution. Oxidation is less apt to occur with the dilute acid. 
Silicates and slugs rc(|uirc fusion with sodium carbonate and potassium car¬ 
bonate. The cooled nuiss may then be extracted with hot water to remove silica 
and the residue containing the carbonates of the heavy metals' dissolved in 
dilute nitric acid. I^ead salts are soluble in aimnoniuin acetate. 

Ores, Minerals of Lead, etc. In decomposing lead ores it is well to start 
with hydrochloric acid, about 20 cc. per gram sample. The pear-shaped 
flask is convenient for this work. Warm gently but do not boil, add more 
acid if necessary. If the ore contains galena, PbS, .some 11,8 is expelled. 
There is generally a liberation of free sulphur, which floats in globules on the 
surface of the solution. After the reaction with hydrochloric acid subsides, 
nitric acid is added and the solution boihtd, then follows the addition of 
sulphuric acid and the solution is evaporated to strong fumes. This expels 
nitric and hydrochloric acids. On dilution of the solution lead sulphate 
remains insoluble, with silica and certain insoluble substances, such as barium 
sulphate, etc. The residue should not contain black particles of undecomposed 
ore as these are very likely to contain lead. Addition of HF assists decompo¬ 
sition of silicates. 

It nmy be advisable, in certain cases, to open up the ore with nitric acid 
or aqua regia, followed by sulphuric acid and hydrofluoric acid. 

Iron Pyrites and Ores with Large Amounts of Impurities with Small 
Amounts of Lead. Ton grams of the sam])le or more, if load is present in 
very small amounts (less tluin 0.1%), arc taken for analysis, and 50 cc. of a 
mixture of potassium bromide and bnnnine solution added (75 grams of KBr 
dissolved in 400 cc. of water and 50 cc. of bromine added). After ten to 
fifteen minutes about 50 cc. of concentrated nitric acid are added and after the 
violent reaction has ceased 25 to 30 cc. of concentrated hydrochloric acid and the 
solution is evaporated on the hot plate to near dryness. Fifty cc. of C.P. (lead 
, free) concentrated sulphuric acid is now added and the sample taken to fumes 
, of 80i on a sand bath. After cooling, the concentrate is diluted to 500 cc. 
with water, about 6 cc. of strong sulphuric acid added, the solution heated to 
boiling and cooled. The precipitate is filtered by decantation onto a fine-grained 
filtqr (quality of an 8. & 8. 590 or B. & A. gnule A), the residue Iwiled with more 
water containing 11,80, and again decanted. This is repeated until all the iron 
sulphate is removed. (The filtrates should be kept several hours to see whether 
any of the lead has passed through the paper in a colloidal condition.) The 
precipitate is finally poured on the filter and washed with 2% H,SO«. Impiue 
residues are extracted for lead with ammonium acetate. 

Solution of Lead Alloys. As a rule thosti are best decomposed by treating 
0.6 to 1.0 gram of the nmterial, or more as the case may require, with a hot 
solution of nitric acid, 1:1, and evaporating the solution to low bulk, but not 
to dryness. Hot water is now added and tlic iimtcrial boiled and the soluble 
portion filtered off. The insoluble material is digested with concentrated hydro-, 
chloric acid to which a little bromine has been added. 
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SEPARATIONS 

Separation of Lead as Sulphate. Lead is most frequently separated from 
other metals by precipi ation as sulphate, PbSOj, according to the details given 
under “ Preparation and Solution of the Sample.” In the presence of much bis¬ 
muth or iron it is necessary to wash the precipitate with a 10% sulphuric acid 
solution to ke p the bismuth in solution and to prevent the formation of the dif¬ 
ficultly soluble basic ferric sulphate. In absence of appreciable amounts of 
these elements the lead sulphate is more completely separated by adding to .the 
dilute sulphuric acid solution an equal volume of alcohol, filtering and washing the 
residue witlv50% alcohol. 

Separation of Lead from Barium. In the analysis of minerals containing 
barium, the insoluble sulphate, BaS 04 , will be precipitated with lead. Since 
barium sulphate is slightly soluble in ammonium acetate it will contaminate the 
lead in the subse<iuent extraction by this reagent. The presence, however, of a 
little sulphuric acid, renders this solubility practically neglig ble. The sulphuric 
acid should not exceed 1-2% in the ammonium acetate reagent, as lead sulphate 
will precipitate if sufficient sulphuric acid is added to the acetate extract. (Lead 
sulphate is pn'ei])itated almost eoo’pletely if the acetate solution contains 10% 
sulphuric acid.) 

I.ead m.ay lie separated from barium sulphate by dig(!sting the mixed sulphates 
with ammonium carbonates solution, whereby the lead sulphate is transposed to lead 
carboimte and ammonium sulphate, while barium sul|>hate is not changed. The 
soluble ammonium sulphate may be washed out with ammonium solution followed 
by water. .Since lead carb<jnate is s'ightly soluble in the ammonium salt, the 
filtrate is treated with hydn)gcn sulphide and the dis.solvcd lend recovered as 
PbS. The residue containing lead carbonate and barium sulphate is treated with 
dilute nitric or acetic acid. Ix>ad passes into solution, while barium sulphate 
remains msoluble. 

Extraction of Lead from the Impure Sulphate by Ammonium Acetate. The 
filter contaitiing the impure sulphate, obtained by one of the procedures for 
solution of the sample, is placed in a casserole and extracted with about 50 cc. 
of hot, slightly aimnoniacal ammonium acetate, the stronger the acetate the 
better. The clear li(|uid is decanted through a filter and the extraction repeated 
until the residue is free from lead (i.c., no test is obtained for lead with 
KfCrjOj). A very effective method of extraction is by adding solid ammonium 
acetate directly to the sample on a filter and pouring over it a hut solution of 
ammonium acetate. The filtrate containing the pure lead acetate solution may 
now be examined by one of the following procedures. 

Lead sulphate containing arsenic should be dis.solved in ammonium acetate, 
the extract made alkaline and lead precipitated as PbS. Arsenic remains in solu¬ 
tion. 
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GRAVIMETRIC METHODS t 

Determination of Lead as the Sulphate, PbS 04 

Procedure. The sample having been dissolved according to a method out¬ 
lined, the lead precipitated as PbSO, by addition of an excess of sulphuric acid, and 
taking to SO, fumes, the lead sulphate is filtered off, upon cooling and diluting 
the sample. The PbSO, is washed with water containing 10% HjSO, until free 
from soluble impurities. If insoluble sulphates or silica are present the lead must 
be purified. If such impurities arc known to be absent (alloys), the sulphate 
may be filtered directly onto an asbestos mat in a tarod Gooch crucible, dried, 
then ignited to dull red heat, cooled and finally weighed as PbSO,. In the analysis 
of ores, however, it is generally advisable to purify the .sulphate. 

Purification of Lead Sulphate. Details of the procedure have been given 
under Soparatioas—Kxtraction of I.iead from the Impure .Sulphate. The lead 
sulphate having been brought into solution by extraction with strong ammonium 
acetate solution, the excess acetic acid is volatiliz(xl by evaix>ration, the residue 
cooled and diluted with water. An excess of sulphuric acid is added and the 
precipitated sulphate is filtered off, washed with dilute sulphuric acid and 
alcohol, dried nt about 110° G., or if prt'ferred by ignition at dull red heat, and 
weighed. 

PbSO,XO.f)831 =“Pb. Pb multiplied by 100 and divided by weight of sample 
taken equals i)er cent. 

Notes. Ijiad sulphate may bo precipitated from ammonium acetate solution 
by adding sulphuric acid until the solution contains approximately 10% 11,SO,. 

An acetate extraction may not be ncce.<tsary, us is generally the case in the analysii, 
of alloys. In analysis of ores, however, PbSO, may be contaminated by sulphates of 
the alkaline earths and by silica. The difficultly sohible oxides of iron and alumina 
may also be )>rescnt. 

If arsenic is in the sulphate it will pass into the filtrate with the lead. 
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Determination of ile&d as the Chromate, PbCir 04 

This excellent method is applicable to a large class of materials and is of 
special value in precipitation of lead from an acetic acid solution, the method 
dei^ending upon the insolubility of lead chromate in weak acetic acid. 

Procedure. The solution of the sample, precipitatidif of the lead as the 
sulphate and extraction of lead with ammonium acetate have been given in detail. 

The filtrate, containing all the lead in solution as the acetate, is acidified 
slightly with acetic acid and heated to boiling. Ix>ad is precipitated by addition 
of potassium dichromate solution in excess (10 cc. of 5% KjCr^O, solution are gen¬ 
erally sufficient). The solution is b^died until the yellow precipitate turns to a 
shade of orange or red.' The precipitate is allowed to settle until the super¬ 
natant solution is clear. (This should apjxar yidlow with the excess of dichromate 
reagent.) The PM'rO, is filtered onto an asl>estos mat in a tared (looch cru¬ 
cible, washed with water, dried in an oven at about 110“ C. and the cooled 
compound weighed as PbCrO,. 

PbCr(),X0.()4I =Pb. =lJ«r cent Pb. 

\\ t. of sample 

Notes. Impurities, such as iron, copper, cadmium, etc., in the acetate solution of 
lead seriously interiere in the chromite precipitation. These .should bo leached out 
with water containing a little sulphuric acid tnifore extracting the lead sulphate with 
ammonium acetiite. See remarks under .section on 'IVaces of l.ead. 

If a stanilard solution of ])otassiuin dichromate is used in the precipitation 
of lead the excess of the reagent, upon filtering of the precipitate, may be titrated 
and the lead determined volumetrically. A known amount of dichromate solution 
(added from a burette) sufficient to precipitate all the lead and about one-third of the 
volume in excess is added to the hot solution, .\fter boiling about two minutes the 
precipitate is filtered off quickly and washed several times with hot water. Tlie 
filtrate, or an aliipiot part of it, is made acid with 5 cc. conccntrateil sul|)huric acid 
and titrated with standard ferrous sulphate at about tiO" C., using fKitassium ferri- 
cyanide as an outside indicator; the end-|)oint is a blue color jiroduced by the slight 
excess of the ferrous salt reacting with the indicator. The exce.ss of dichromate may 
be detennined by adding 3 to 4 grams of solid potassium iodide, KI, to the solution 
diluted to about .500 cc. with water to which l.T cc. of concentrated sulphuric acid 
has been adiled. The liberated iodine is titrated with standaid thiosul|)lvite, the 
end-iK»int being colorless, with 8t.arch solution internal indicator, changing from 
blue. Hi, .Sb, Ha, .Sr and Ca interfere slightly 

One cc. N/10 K,(;r,0, =0.010355 grain Pb. One cc. N/S K.CnOT =0.02071 gram Pb. 

I The yellow precipitate gives high re.sults, since it is difficult to wash. The crys¬ 
talline orange or red com|K)und may be quickly filtered and wa.shed. 
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Determination of Lead as the Molybdate, PbMoO^ 

This method is rapid and has the following advantages: 

o. The sulphation of lead is avoided, b. The acetate extraction is elimi¬ 
nated. c. The precipitate may be ignited, d. The ratio of lead to its molyb¬ 
date compound is greater than either lead to PbSO, or to PbCrO,, lessening 
the chance of error through weighing. 

Cobalt, calcium, strontium and barium have little effect in presence of 
ammonium acetate. In absence of this salt they interfere slightly. 

Procedure. The ore or alloy is decomposed with nitric acid or aqua regia 
as the case may require. (Silica if i)resent is eliminated by taking to dryness, 
dehydrating, taking up with dilute nitric acid and filtering.) To the clear 
liquid 2 g. ammonium chloride is added and then sufficient ammonium acetate 
to destroy the excess of free nitric acid, i.e., 2 g. per each cc. of free HNOi 
present. 

Lead is now precipitated by adding 40 cc. of ammonium molybdate per 
each 0.1 g. of lead present (4 g. per liter+10 cc. acetic acid), stirring the mixture 
during the addition. After boiling for two or throe minutes the precipitated 
lead molybdate is allowed to settle, then filtered and washed with small 
portions of hot water and ignited over a Bunsen burner. 

The cooled residue is weighed as PbMoO,. PbMoO4X0.5642=Pb. 

Notes. If antimony or other members of the group arc present in the original 
sample, it is advisable to dissolve the residue in llCl and reprccipitatc the lead with 
molybdate reagent. 

If lead is in the form of the sulphide, as may lie the ease in a complete analysis of 
a substance, it is decomposed with hot ddute HNO, and precipitated as PbMoO,. 

Galena is best decomposed by treating with hydrochloric acid to expel 
sulphur as oxidation of sulphur to sulphate is not desirable in this method. 
If lead sulphate has formed duo to oxidation of sulphur, it is advisable to 
treat any residue, remaining from the acid extraction, with ammonium acetate, 
adding the acetate extract to the solution containing the lead. 

The sample evaporated to dryness is treated with about 10 cc. of dilute 
nitric acid (1:1) and a little water then heated and filtered. About 2 grams 
of ammonium chloride are added and for each cc. of free nitric acid (d. 1.42) 
two grams of ammonium acetate are necessary (total 10-15 g.). The precipi¬ 
tate generally appears a light canary yellow or yellowish white. 

Washing the precipitate with water containing a little ammonium nitrate 
prevents the formation of colloidal lead molybdate, which would pass through 
the filter paper. (Use about 2 g. nitrate per 100 cc.) 

The pulp used is paper pulp made by breaking up ashless filter paper and 
agitating it thoroughly with hot water in a flask. The Editor prefers omitting 
the pulp and using a fine-grained ashless filter paper, the washing of the 
precipitate being conducted with wash water containing ammonium nitrate. 
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Electrolytic DeterminatlDn of Lead as the Peroxide, PbOa 

An electric current passed through a solution of lead containing sufficient 
free nitric acid will deposit all the lead on the anode as lead peroxide. The method 
is excellent for analysis of lead alloys. 

Procedure. The sample containing not over 0.5 gram lead is brought into 
solution by heating with dilute nitric acid, 1:1. The solution is washed into 
a largo platinum dish with unpolishetl inner surface. Twenty to 25 cc. concen¬ 
trated nitric acid (sp.gr. 1.1) are added and the solution diluted to about 150 cc. 

The sample is electrolyzed in the cold with 0.5 to 1 ainpero current and 2 to 
2.5 volts, the platinum dish forming the anode of the circuit, a spiral platinum 
wire or a platinum crucible dipijcd into the solution being the cathode. Three 
hours are generally sufficient for the deposition of 0.5 gram Pb. Overnight 
is advisable, a current of 0.05 ampere being used. 

A rapid deposition of the lead nmy be obtained by heating the solution to 
60 to 65° C. and electrolyzing with a current Nnioo = l.5 to 1.7 amperes, the 
E.M.F. varying within wide limits. Stirring the solution with a rotating cathode 
aids in the rapid deposition of the PbOj. 

To ascertain whether all the lead has been removed from the .solution, more 
water is added so as to cover a fre.sh portion of the dish with water. The elec¬ 
trolysis is complete if no fresh deposition of the jxiroxide takes place after half 
an hour. 

The water Ls siphoned off while more water is licing added until the acid is 
removed, the current is then broken, the dish etnptied of water and the deposits 
dried at 180° C. and weighed as PbO,. 

The deposit of lead fxiroxide gently ignited forms lead oxide, PbO, a pro¬ 
cedure recommended by W. C. May,* confirmed In’ Treadwell and Hall as 
giving more accurate rc.sults than the peroxide, PbO,. 

PbO,X0.S062 =Pb. 

PbO X0.9283 =Pb. 

Noth. The deposits of le.sd oxicle or )>eroxide inay be removed by dissolving off 
with warm <liluto nitric acid. 

For volumetric procedure-titration of the peroxide PbOj sec page 278. 

* Am. Jour. Sci. and Arts (3), 6, 255. 
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VOLUMETRIC METHODS 

Volumetric Ferrocyanide Method for the Determination of Lead 

Although the gravimetric methods for the determination of lead are con¬ 
sidered the more accurate, yet the volumetric procedures may be frequently used 
with advantage. The ferrocyanide method has been pronounced by Irving C. 
Bull* to be the best of the procedures in commoniwe, the results being accurate. 

Procedure. I.>ead sulphate is obtained according to the method outlined 
under Preparation and Solution of the Sample. The lead sulphate is transferred 
to a small beaker and gently boiled with 10 to 15 cc. of a saturated solution of 
ammonium carbonate, the liquid having been added cold and brought up to 
boiling. After cooling, the precipitate is filtered onto the original filter paper 
from which the lead sulphate was removed. The lead carbonate is washed free 
of alkali with cold water. The filter with the precipitate is dropped into a flask 
containing a hot mixture of 5 cc. of glacial acetic acid with 25 cc. of water. 
The lead carbonate is decomposed by boiling and the solution diluted to 150 cc. 

Titration. The sample warmed to 60° C. is titrated with a standard solu¬ 
tion of potassium ferrocyanide, using a saturated solution of uranium acetate, 
os an outside indicator. The excess of ferrocyanide produces a brown color with 
the uranium acetate drop on the tile. 

Free ammonia must bo absent, as it reacts with uranium acetate and gives 
low results. NHiOH precipitates reddish brown, gelatinous uranous hydroxide, 
U(OH),. 

The bulk of solution to l)o titrated should be as near as possible to 100 cc., 
including 10 cc. of 50% acetic acid. 

One per cent potassium ferrocyanide reagent is used in the titration. This 
reagent is Standardized against a known amount of lead in solution ns an acetate. 

A correction of 0.8 cc. is generally necessary on account of tlie indicator. 
This is determined by a blank titration. 

Antimony, bismuth, barium, strontium and calcium interfere only to a very 
slight extent, the error being negligible. 

‘C. N., 2253, 87,1903. 
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The Permanganate Method for Lead 

By Albert H. Low 

The following method for the determination of lead in ores has proved very satis¬ 
factory in the great majority of cases. It depends upon the separation of the lead as 
sulphate, the conversion of the sulphate to carbonate, the solution of the carlxmnte in 
acetic acid, followed by the precipitation of the lead ns oxalate. The lead oxalate is 
then deroinposc<l in dilute sulphuric acid and the separated oxalic acid titrated with 
standard permanganate. 

Ordinary constituents of lead ores do not interfere, with the exception of lime. 
As high as 10% of CaO in an ore, however, is without effeet. Barium interferes only 
by forming a combination with le.ad that resists the reactions, with consequent low 
results. The remedy is easy and is described below. 

Procedure. Decompose 0.5 gram of the ore in an S-oz., pear-shaped flask, 
such as i.s commonly called a “copper-flask.” The treatment may usually be a 
very gentle boiling with 10 cc. of hydrochloric acid for a short time, then adding 
5 cc. of nitric acid and continuing the gentle boiling until decomposition is 
complete. Now add 6 cc. of sulphuric acid and boil over a free flame to strong 
fumes. Allow to cool. 

Add 100 c.c of cold water and 5 cc. of sulphuric acid and heat to boiling. 
Remove from the heat, add 10 cc. of alcohol (cautiously) and cool under the tap. 

Fold a 9-cm. filter with particular care to creasing the fold that will come 
next to the precipitate as thin as possible, so it will lie flat and not ea.sily allow 
material to got under the edge. Filter the mixture through this. Return the 
first portions of the filtrate if not clear. Wash 6 times with cold water con¬ 
taining 10% of alcohol. Any trace of lead sulphate remaining in the flask 
will be recovered subsequently. 

With a jet of hot water, using as little as possible, rinse the precipitate from 
the filter, through a short funnel, back into the flask. (In the known or as¬ 
sumed presence of barium, interpolate the following short procedure: Add 
10 cc. of hydrochloric acid and boil over a free flame almost to dryness. Allow 
to cool, add 20 cc. of water and a few drops of ammonia, sufficient to neutralize 
the acid.) Place the flask again under the original funnel an<l pour through 
the filter 10 cc. of a cold saturated solution of ammonium carbonate. Remove 
the flask and heat the contents just to boiling, then cool completely under the 
tap. Pour the cold mixture through the original filter. Wash out the flask 
well with cold water, i)ouring through the filter, and then wash filter and pre¬ 
cipitate 10 times with cold water containing about 6% of the ammonium car¬ 
bonate solution. Reject the filtrate. 

Again using a jet of hot water, wash the precipitate from the filter into a 
small beaker. Add 5-6 cc. of glacial acetic acid and heat to boiling. Replace 
the flask under the funnel and pour the hot acid mixture through the filter. 
Wash out the beaker with hot water and then wash the filter 10 times ^with 
hot water slightly acidulated with acetic acid. (Small amounts of lend car¬ 
bonate may be di.ssolved directly upon the filter, without previous transference 
to a beaker.) 

Add to the filtrate 10 cc. of a cold saturated solution of oxalic acid, heat to 
boiling and then cool completely under the tap. Be particular to get as cold 
ns possible. Now filter the lead oxalate through a ^cm. filter. Using cold 
water, wash out the flask thoroughly and then wash filter and precipitate 
10 times. 
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Place about 25 co. of cold water in the flask, add 6-6 cc. of sulphuric acid 
and then about 100 cc. of hot water. Drop the filter and precipitate into this. 
Wipe out any lead oxalate adhering in the funnel with a small piece of dry 
filter paper and drop into the flask. Heat the acid mixture nearly to boiling 
and then titrate it with standard potassium permanganate solution to a faint 
pink tinge. Calculate the result from the known lead value of the perman¬ 
ganate. 

The permanganate commonly used for iron titrations will serve, although rather 
strong for lead. Thcoititically, l.S.")? times the iron factor will gjve the lead factor. 
Owing to slight losses of lead an empirical factor must lx; used. This is 1.879 tiroes the 
iron fiictor. Based on this factor and on ().r> gram of ow taken for assay, 1 cc. of a 
permauganatc solution containing 1..544 grams p<;r liter will equal 1% lead. It may be 
standardized directly on lead ns follows; Convert nlxnit 0.2!)0 gram of pure load foil 
to sulphate by ix)iiing with (1 cc. of sulphuric acid. Continue according to the above 
entire proceas. Finally, divide the iwreentngc value of the lead taken by the cc. of 
permanganate required, to obtain the percentage value of 1 cc. in lead. A comparison 
of this ^ute with the iron value of the |x;rmangunate may be made, to check the con¬ 
version metor given aix)vc. The |x;rsunal equation may cau.se a slight difference. 

Notes. Metallic lead is converted to lead sulphate by boiling with strong sulphuric 
acid. The reaction takes place with the hut concentrated acid, the metal changing to 
the white lead sulphate solid, soluble in large excess of sulphuric acid; this is unnecessary, 
as decomposition is complete with the amount slated. 

Conversion of load sulphate to carlxmate lK;forc changing to acetate appears at 
first thought to !» an unnecessary step, but experiema: has shown that a direct con¬ 
version of sulphate to aciitate by dissolving in ammonium acetate leaves suflicient 
sulphate in the solution to cause low results, as much os 10 per cent of lend apparently 
escaping subsequent conversion to oxalate. In the procedure for converting the lead 
to carlxmate any small amount of lend sulphate remaining does no harm. It frequently 
occurs that the carlxmate formed does not completely dissolve in acetic acid. If a 
cloudy solution is obtained, a few drops of ammonia will furnish enough ammonium 
acetate to dissolve the small amount of sulphate remaining. The precipitation of lead 
oxalate is not interfered with by the ammonium sidt present, a liugc amount of which, 
however, should be avoided. Ainmonium oxalate may lx; added in place of oxalic acid. 

In the molylKlate method, the procedim; given for the permanganate method may 
1» followed to the ixiint where the oxalate or oxalic acid is added. This step is omitted 
and the load acetate solution is titrated with ammonium molybdate as directed under 
this procedure. 
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Volumetric Determination of Lead by the Molybdate Method 

Lead is precipitated from an acetic acid solution by a standard solution of 
ammonium molybdate, the termination of the reaction being recognized by 
the yellow color produced by the excess of reagent when a drop of the mixture 
comes in contact with a drop of tannin solution, used as an outside indicator. 
The method is rapid, but is not as accurate as the chromate-iodide method 
following. 

Reagents 

Ammonium Molybdate. 4.26 grams of the salt are dissolved in water and 
diluted to 1000 cc. On a half gram sample basis 1 cc. of the reagent is equiv¬ 
alent to about 1 per cent lead. 

Standardization. Dissolve 0.2 g. of p<ire lead foil in 5 cc. of strong sulphuric 
acid by boiling gently in a 2.’50-cc. |)ear-shnped flask. When the lead has 
decomposed to sulphate, dilute (on cooling) with water and filter off the 
PbSOe Now follow the details of the procedure u.sed in the method given 
below, after isolating the lead as sulphate. Note the cc. of molybdate reagent 
required and divided this into 0.2 to get the c<iuivnlent value in terms of 
lead per cc. of reagent. 1 cc. should be equivalent, approximately, to 0.005 
g. Pb. 

Tannin Indicator. 0.1 g. tannic acid per 20 cc. water. The reagent should 
be prepared fresh for each day's analysis. 

Procedure 

Decomposition. Follow the usual procedure recommended for decomposing 
lead ores, using H(,’l, HNOj and finally IIjSO* Evaporate to strong sulphuric 
fumes, and take up with water. Filter off the lead sulphate and wash with 
a 10 per cent sulphuric acid .solution, to remove sulphates of the metals, and 
finally with water containing a little alcohol, remembering the PbSOi is 
slightly soluble in water. 

The lead sulphate is now brought into solution as lead acetate by extraction 
with ammonium acetate slightly acidified with acetic acid. (Use a strong 
solution of the reagent.) In absence of calcium and barium, the writer 
prefers to convert the lead sulphate to carbonate by boiling with ammonium 
carbonate solution, according to the permanganate method for lead (p. 27^, 
and then to the acetate by dissolving the lead carbonate in dilute acetic acid. 
Thus sulphates are eliminated. The addition of a few drops of ammonia to 
the acetic acid solution insures the solubility of the lead. (Pb804 may be 
present in small amount and does not readily dissolve in acetic acid.) ^ The 
results are more concordant in absence of sulphate. The acetate solution of 
lead is now titrated with the standard molybdic solution. 

Titration. The solution is divided into two portions, one being kept in 
reserve. To one is added the standard solution of ammonium molybdate, 
from a burette, uhtil a drop of the titrated solution, brought in contact with 
a drop of tannin indicator, on a white tile, or paraffined surface, gives a brown 
or yellow color. The reserve solution is now added in portions, the titration 
being continued, until the last portion has been used and the brown color 
obtained. This precaution avoids over running the end point. 
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The Chromate-Iodide Method for the Volumetric 
Determination of Lead 

The method depends upon the action of chromates on potassium iodide 
with a resulting liberation of an amount of free iodine in direct ratio to the 
chromate present, which in turn is a measure of the amount of lead isolated 
as lead chromate. The liberated iodine is determined by titration with a 
standard solution of thiosulphate. The dLscu.ssion of the reactions that take 
place, with e(|uations, are given in the notes that follow the directions of 
the method. 

Solutions Required 

Ammonium Acetate Extraction ‘’olution. A saturated solution of ammo¬ 
nium acetate, filtered to remove foreign matter if present, is diluted with 
twice its volume of distilled water and 30 cc. of 80 per cent acetic acid is 
added per liter of solution. 

Hydrochloric Acid Mixture. To a liter of saturated salt solution, filtered 
if necessary, is added 150 cc. of distilled water and 100 cc. of concentrated 
hydrochloric acid. 

Potassium Dichromate. Saturated solution, filtered if not clear. 

Starch Solution. 

Procedure. 1. Solution of the Sample, Half a gram of the finely divided 
material (if the factor weight 0.G907 g. is taken, 1 cc. N/10 reagent in final 
titration is equivalent to about 1% Pb) is dissolved in a beaker or a flask 
(Low’s type) by adding 20 cc. of strong hydrochbjric acid and heating gently 
until the action subsid(^s. If the dc(!omposition is incomplete, about 5 cc. of 
nitric acid are added and the heating continued. 

2. About 5 cc. of sulphuric acid arc added and the solution evaporated to 
strong fumes. After cooling, about 50 cc. of water are added and the solution 
is boiled to dissolve the soluble salts. If the ore is low grade, 5-10 cc. of ethyl 
alcohol are now added, the precipitate is allowed to settle and then washed 
by decantation three or four tim(w with 1 : 15 sulphuric acid (i.e., about 10% 
solution), and finally transferred to the filter with the dilute acid and washed 
once with pur<! cold water. 

3. Hy means of a fine jet from a wash bottle (.500 cc.) filled with ammonium 
acetate extraction reagent, heated to near boiling, th(! precipitate is transferred 
to the beaker or flask in which the ])recipitation w.as made. This may be 
done by carefully spreading out tin? filter in the funnel or by breaking the 
filter and washing the paiKW free of the lead sulphate with a fine stream of 
the reagent. If the precipitate dors not go into solution, more of the acetate 
is added and heat gently applied until it dissolves. The solution is now diluted 
to 150 cc., heated to boiling and 10 cc. of the saturated dichromate solution 
added and the boiling continued ten minutes. The yellow color of the lead 
chromate precipitate changes to red. This is important to obtain a precipitate 
of definite composition. 

4. The precipitate is filtered, the containing vessel washed out with hot 
dilute sodium acetate wash solution (50 cc. of the extraction solution diluted 
to 1000 cc.) and the precipitate washed ten times with the reagent. 

5. The original beaker or flask is now placed under the funnel and the 
lead chromate is dissolved on the filter by adding cold dilute hydrochloric 
acid mixture, stirring up the precipitate witli a jet of the reagent, adding the 
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acid until all of the chromate has dissolved and the color has been completely 
removed from the filter. At least 50 cc. of the reagent should be used. 

6. For low grade ores the entire solution is taken and treated with potas¬ 
sium iodide solution; in cose of high grade ores, about half the solution is 
set aside in reserve, and upon completing the titration of the first portion, 
the reserve is added and the titration completed. This precaution is taken 
because a loss of iodine is apt to occur if much iodine is liberated at one time, 
free iodine being apt to e.scape as vapor from the easily saturated solution. 
(The solution is a poor solvent of iodine.) To the solution are added 5 cc. 
of 25% potii-ssium iodide and the liberated iodine is titrated with N/10 sodium 
thiosulpliate until the iodine color begins to fade; starch solution is now added 
in sufficient quantity to produce a distinct blue color and the titration con¬ 
tinued until the, blue color changes to pale green. 

A background of white assists in recognition of the end-point. A sheet 
of white paper pl.aced under the beaker will do, if the base of the stand is 
not already white. 

Standardization of the Thiosulphate. This is best standardized against 
metallic lead. 0.0!)07 gram of pure lead should require 100 cc. of N/10 thio¬ 
sulphate. 0.2 gram of lead is taken or a fraction of the factor weight (0.6907). 
The load foil is dissolved in 5 cc. of sulphuric acid by bringing to vigorous 
boiling, upon cooling the residue is taken up with water and treated exactly 
according to the method outlined in steps 2-0 of the regular procedure. 1 cc. 
of N/10 thiosulphate is equivalent approximately to 0.0069 gram of lead. 

Notes. If barium is prcs«mt in the sampl<!, the residue left from the acetate 
extraction may contain lead. This is treated with alxiiit 10 cc. of strong hydrochloric 
acid, evaiK)r.at(!d to dryness, 2.5 cc. of the acetate reagent added, the mixture trailed, 
fdtered and the residue wa.shed. 1'h<! filtrate contains the lead that remained with 
the re.sidue. 

In considering the reactions that take phuxs it must Ijc rememlrarcd that it is the 
combined chromate ra<lical that is res[ransible for the liberated iodine. The graph¬ 
ical formula represents what takes place: 

2PbCK>4 (or (PbO),.CTs<)...3O)d-0KI=3K,O-|-0I, etc. 

The chromate first formed is probably the normal salt PbCKlt; this however is 
unstable and changes with boiling to a stable acid chromate of lead under the conditions 
of the procedure, hence 1 the atomic weight of lead do<;8 not give the exact normal 
equivalent but the true value is an arbitrary factor, obtained by standardizing the 
thiosulphate against metallic lead .as recommended. 

It IS evident that Pb is equivalent to .31. Therefore a normal equivalent of Pb is 
i of its atomic weiglit, 207.2 divided by 3=69.07, hence 1 cc. of a N/10 solution will 
titrate iodine equivalent to .006907 g. Pb. 

Since Fe equivalent is 55.84, Fe to Pb = 69.07 divided by 55.84 = 1.237, factor of 
iron to lead. * 

Example in Standardization of Sodium Thiosulphate 

If 0.2035 g. of lead required 30.05 cc. of thiosulphate solution, then 1 cc. would 
be equivalent to 0.00677 g. lead. 
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Volumetric Chromate-Ferrous-Diphenylamine Method 
for Determining Lead 

The procedure depends upon isolatini? lead as chromate and titrating 
hexavalent chromium with standard ferrous salt after dissolving lead chromate 
in hydrochloric acid. As in the cliromate-iodidc method reduction of chromium 
from hexavalent to trivalcnt form makes the lead equivalent I its atomic 
weight. 

Reactions Pb(lrO(+21I(;i-»Pl)(:i!+Il2CrO< 

HjCrO,+:i Ke( ;i 2 +6H(:i-^(:r(ll,+3FeCl,+4H20. 

Reagents -ferrous Salt Solution. 0.1 N solution of ferrous ammonium 
sulphate or ferrous sulphate. 

Potassium Dichromate or Permanganate— N solution. 

Phosphoric-Sulphuric Acid. 1 volume 85% njP 04 mixed with 1 volume 
HjS 04 (sp.gr. 1.84). 

Diphenglamine Indicator. 1 gram of salt dissolved in 100 cc. strong 
sulphuric acid. 

Hydrochloric-Salt Solution. Sec under Procedure. 

Procedure 

Decomposition of Sample. The ore is dissolved in HCl and HNOs according 
to standard procedure for lead or(!s. Alloys arc treated with HNOj. H8SO4 
is now added and the IK'l and lINOj expelled by taking to sidphuric acid 
fumes. PuHi lead is decomposed by direct treatment with strong H2SO4 
and heating. The residue is treated with water and a little alcohol and the 
lead sulphate filtered off and washed with 10% alcohol solution. The lead 
sulphate is now dissolved in a saturatcal solution of ammonium or sodium 
acetate slightly acidified with acetic acid. The extract is diluted to about 
150-200 cc. with water and lead preciiiitated as chromate (Pb(’r 04 ) by addition 
of a saturated solution of potassium dichromate (10-15 cc. is ample). 

Lead Chromate. The rryatalline product is obtained by boiling the 
precipitate until the yellow color changes to orange red. After cooling under 
tap water, the precipitate is filtered and washed with a 5% solution of ammo¬ 
nium acetate, until free from the excess of chromate reagent (the wash water 
passing through the precipitate colorless). 

Solution and Titration. The leatl chromate is now dissolved by adding 
hydrochloric acid-sillt solution (a mixture of 1000 cc. saturated solution of 
NaCl, 120 cc. H 2 O and 100 cc. IK'l, d. 1.10), 50 to 100 cc. being used. All 
yellow color being washed from the filter. The chromate solution is diluted 
to 150-200 cc., 10 cc. phosphoric-sulphuric acid mixture added and 4-6 drops 
of diphcnylamino indicator. The 0.1 N ferrous solution is now added until 
the color of the chromate changes to green. The excess of ferrous solution is 
determined by titration with standard dichromatc or permanganate, the 
green color changing to a deep blue. 

1 cc. of 0.1 N ferrous solution is equivalent to 0.0069 g. Pb. 

Notes. In presence of a larre amount of IICI the end point is a change of green 
to a dark green. The action of HCl may bo overcome by adding 1 g. ammonium 
acetate for each cc. HCl present, the end point is now the characteristic blue mention^ 
under Procedure. 
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DETERMINATION OF SMALL AMOUNTS OF LEAD 

The detennination of minute quantities of lead is required in baking powders 
canned goods and like products in which small amounts of lead are objection¬ 
able. Traces of leatl ranging from 5 to 100 parts per million (0.0005 to 0.01% Pb) 
are best detcTinined colorimctrically on 0.5 to 1 gram samples; larger amounts 
of lead should be determined gravimetrically. 

Qravimetric Methods for Determining Traces of Lead 

The determination of cxtniinely small amounts of lead cannot be accom¬ 
plished by the u.sual methods of precipitation, us tlie haul compounds remain in 
solution in a colloidal state. 'I’lie addition, howirver, of certain substances, 
which form amorphous jnecipitates with the reagents used for throwing out lead 
causes tlie removal of lea<l from the solution by occlusion. For example, the 
addition of a sufFicient quantity oi a soluble .salt of mercurj’, copixir, or arsenic 
to a solution containing a trace of lead, and then saturating the solution with 
HjS, will cause the conqdete removal of lead from the solution. Iron and 
alumina thrown out of the solution as hydroxides will carry down small amounts 
of lead, and completely remove it from the solution, if they are present in 
sufRcient <iuantity. Lead may be extracted from finely iwlverized substances 
by na.'ans of hot ammonium acetate and precipitated from the extract as lead 
sulphide. Advantage may be taken of these facts in ihdermining traces of 
lead in pr(!senc(.' of large amounts of other .substances. 

Amount of the Sample. It is advisable to have the final isolated lead 
compound over 0.01 gram in weight, hence, iti a sample containing 10 parts of 
lead per million, SOO to KXH) grams of the material should Im! taken, since a kilo¬ 
gram of the matfrial would contain 0.01 gram, Pb or 0.0150 gram PbCrOi, 
or 0.01104 gram PbS() 4 , or 0.0177+ gram PbMo() 4 . Large sanqdes should be 
divided into several portions of 100 to 250 gr.ams each, the leail i.solated in each, 
and the final extracts, containing the haid, c<imbined. For the given amount of 
occluding agent, stated in the procedure, the treated portion should contain not 
over 0.01 gram lead. 

I.—Extraction of Lead with Ammonium Acetate and 
Subsequent Precipitation 

It is frequently desirable to extract the h^ad from the nuuss of material and 
precipitate it from the licpior thus obtained. 1'he proccclure worked out by the 
writer is applicable to detormining traces of lead in aluminum salts, but tvith 
modifications may bo applied to a wide range of substances. 

Extraction of Lead. The desired weight of finely powdered substance, in 100- 
gram portions, is placed in 6-inch porcel.ain (as-seroles (1000 cc. cajjacity). To each 
portion are added, with vigorous stirring, 500 cc. of lead-free, boiling hot r.mmo- 
nium acetate solution (34%).* The reaction is apt to be energetic, so that 

* The reagent must l>e lx>iling, when added, to obtain l>est results. Exi)erimenta 
have shown that considerable alumina and iron dissolve if the proportion of the reagent 
falls much Iwlow 5 cc. of 33% acetate per gram of sample. With twice this amount of 
reagent the extract is free from iron and alumina. Small amounts of alumina and iron, 
however, do not interfere in the lead determination. 
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care must b» exercised to avoid boiling over. The residue from aluminum salts 
is crystalline and may be separated from the extract very readily by iil'ering 
through two filter papers in a large Biichner funnel and applying sue ion.' 
The residue is taraixjd down to squeeze out the adhering extract and washed 
with 100 ee. more of hot ammonium acetate followed by 100 to 200 cc. of hot 
water, again tamp<!d down and sucked as dry as possible. The lead extracts 
are now combined and lead precipitated as sulphide. 

T he reagent is made by dissolving one part < f lead-free ammonium acetate 
in two parts of dif tilled water. The purity of (ho reagent should lie tested. 

Precipitation of Small Amounts of Lead. To the solution containing lead is 
added 2-3 cc. of n 10 % copixir sulphate or cadmium suli>hatc reagent. Hydrogen 
sulphide is passc-d into th(? li(iuor until it is saturated. The coppe • or cadmium sul¬ 
phide assists the S(!ttling of lead sulphide, (lently warming on the steam bath for 
half an hour coagidates the precipitate and facilitates settling. The liquor is 
decanted through a double filter in a small Hiuihuor funnel and the residue washed 
onto the filter with water saturated with HsS gas. 

The precifntate is washed sev(!ral times with ammonium sulphide to remove 
sulphides of the arscnii; group and the residue then dissolve<l in a hot mixture of 
hydrochloric and nitric acids (1 part IICI, fi parts HNO 3 and 15 parts IbO). Ten cc. 
of strong sulphuric a(ad are added to the solut'on, and the mixture is evajxjrated 
to SOi fumes but iv.it to dryncKx. Thc! r(!sidue is taken up with 100-125 cc. of water 
containing 2 cc. of sulphuric acid and boiled to dissolve thc soluble salts of iron, 
alumina, copper, etc. After cooling, oiuvthird the volume of 95% alcohol is 
added (30-40 cc.), th<! lead sulphate allowed to settle for an hour or more, then 
filtered and washed several times with 30% alcohol. The residue is extracted 
with hot ammonium acetate aiul lead chromate precipitated from the filtrate,’ 
made slightly acid with acetic acid, by adding 10 ee. of jxjtassium dichromate 
reagent and boiling, according to the staiulard procedure. (Page 274.) 

PbCrO,XO.f)41 =Pb. 


II.—Precipitation of Lead by Occlusion with Iron Hydroxide 

Wilkie found' that ferric hydroxide hius the property of occluding lead, five 
parts of Fe(01l).i removing one i<art of lead from solution. Advantage is taken 
of this proptirty of iron hydroxide in precipitating small amounts of lead.' 

Procedure. The rc()uired amount of material is weighed out in 50-gram lots 
and brushed into No. 8 l)eakcrs. If the material contains organic matter, it is 
treated with 200 -cc. jwrtions of coneentmted hydrochloric acid, the mixture heated 
just below the boiling-point of Hfll solution, and |K)tas.sium chlorate added, a few 
crj^tals at a time, until thc organic matter is de(!omposcd (hood). If the material 
dissolves in water, the water solution is treated with 5 cc. of concentrated hydro¬ 
chloric acid and a few crystals of jxttassium chlorate and the liquor boiled. 

‘ 200 to 300 grams of material may lie handled in a 6 -inch Biichner funnel. 

•Should load chromate fail to precipitate, the solution should be treated with 
H|S to complete saturation, the sulphide collected on a filter, then dissolved in 
acid and the procedure descrilied above retieated. If thc solution still remains clear, 
the absence of lead is confirmed. 

• J. M. Wilkie C, N., 2507, 117, 1900. 

* Occlusion of lead by zinc sulphide, precipitated by HtS from a formic acid solu^ 
tion, is suggested; iron and alumina would nut interfere. 
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Addition of Ferric Iron. If su£Bcient iron b not already present, ferric 
chloride is added in such quantity that the iron content of the sample will be from 
twenty to fifty times that of the lead (larger amounts of iron will do no harm) 
present in the solution. Five to 10 cc. of concentrated nitric acid are added 
and the sample boiled for ten to fifteen minutes. 

Precipitation of Iron and Lead. If alumina b present, iron is precipi¬ 
tated by addition of a largo excess of potassium hydroxide, the alumina going 
into solution as potassium aluminate. In absence of alumina, ammonia nuiy 
1)6 used to precipitate the ferric hydroxide. lead is comi)letely occluded by the 
preidpitate and carried down. I'he solution is filtensl hot through Baker and 
Adamson’s fast filters, threefold. The filtering must be rapid an<l the liquid kept 
hot to prevent clogging of the filters. 

Separation of Lead from iron. The precipitate is dissolved in hot hydro¬ 
chloric acid (free from lead). The solutions are combined, if s(!veral ix)rtions 
of the sample are taken. Concentrated sulphuric acid is added and the sample 
evaporateil to small volume and heatfsl until the white sulphuric acid fumes 
ajjpear. The usual protedure is now followe<l for .s(>paration of the lead sulphate, 
acetate extraction of lead and final precipitation of lead chromate. 

rbCr04X().(i41 =l’b. 

Notk. In place of using alcohol to decroa.se the .solubility of lead sulphate, many 
prefer to add sulphuric acid so that the acidity of the solution will lie 2-10% free 
11,80,. 

III. Modification of Seeker-Clayton Method for Traces of Lead 
in Baking Powder 

One hundred gratns of baking |M)wder are treated with 2!i cc. of water followed 
by 7.5 cc. of strong hydrochloric acid added in small {x,rtion.s to avoid ex(!(‘ss frothing. 
'I'lie mixture is heated until the starch hjus decom|xi.sed (iodine bwt gives blue color 
with starch), the solution becoming clear and turning yellow. The free acid is 
neutralized and when the .solution is cold, 4(X) cc. of lead-free aimnonium citrate, 
saturated with II,8, are added. Additional II,S is i).'is.sed into the .slightly alkaline 
solution, the sulj>hides of iron and lead allowed to settle, the clear su|M;rnatunt 
li<pior decanted off, the sulphides collected on a filter and washed. 'I’he precipitate 
is dissolved in nitric acid, lead .separated ns a sulphate, extracted with acetate and 
precipitated as dichromate according to the procedure recommended under the 
acetate extraction method I. 
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COLORIMETRIC ESTIMATION OF SMALL AMOUNTS 

OF LEAD 

Introduction. Estimation of small amounts of lead by the intensity of the 
brown coloration produced by the sulphide in colloidal solution was first pro¬ 
posed by Pelouze. The procedure was modified by Warington and by Wilkie 
to overcome the color produced by accompanying impurities, among these, of 
iron, which is almost invariably associated with lead. The method is useful in 
determining traces of lead in drinking water, in food products, baking powders, 
canned goods, phosphates, alums, acids such as sulphuric, hydrochloric, citric, 
tartaric and the like. By this procedure on a gram«tople one part of lead per 
million may be detected and as high as 60 parts mdPbe estimated. For larger 
amounts of lead, a smalfcr sample must be taken. Nickel, arsenic, antimony, 
silver, zinc, tin, iron, and alumina, present in amounts such ns commonly occur 
in these materials, do not interfere. 

In order to obtain accurate re.sults it is necessary to have the solutions under 
comparison possess tho same general character. ‘‘ It must be remembered that 
the tint depends to a large extent on the size of the colloidal particles of lead, 
which in turn depend upon tho nature of Ihe salts in tho solution and upon the 
way that the solution hivs Innin prepared.” Vigorous agitation, salts of the 
alkalies and alkaline earths tend to coagulate tho colloidal sulphide. 

Reagents Required. Standard Lead Solution. A convenient solution 
may be made by dissolving 0.1831 gram of lend acetate, Pb(CjH|Oj)i*3HjO 
in 100 cc. of water, clearing any cloudiness with a few drops of acetic acid and 
diluting to 1000 cc. If 10 cc. of this solution is diluted to 1000 cc. each cc. 
will contain an equivalent of O.IKKIOOI gram Pb. 

Harcourt suggests a pennanent standard made by mixing ferric, copper and 
cobalt salts. For example 12 grams of FetU, together with 8 grams of CuCU 
and 4 grams of Co(NO,)j are dissolves! in wateer, 4(H) cc. of hydrochloric acid 
added and tho solution diluted to 4(XK) cc. I.IO cc. of this solution together 
with 115 cc. of hydrochloric acid (1 : 2) diluted to 20(K) cc. will give a 
shade comparable to that produced by the standard lead solution above, when 
treated with the sulphide reagent. The exact value per cc. imiy be obtained by 
comparison with tho lead standard. 

Alkaline Tartrate Solution. Twenty-five grams of C.P. sodium potassium 
tartrate, NaK(;4ll4t)»-4lIi(), is dksolved in .'>() cc. of water. A little anunonia is 
added and then sodium sulphide solution. After settling some time the reagent 
is filtered. The filtrate is acidified with hydrochloric acid, boiled free of HiS and 
again made ammoniacol and diluted to 1(K) cc. 

Ammonium Citrate Solution. Ammonium citrate solution is prepared in 
the same way as tho tartrate solution above, 25 grams of the salt being dissolved 
in 60 00 . of water. 

Potoeeium Cganide. Ten per cent solution. The salt should be lead-free. 

Sodium Sulphide. Ton per cent solution, made from colorless crystals. 
Sodium sulphide may be made by saturating a strong solution of sodium hydroxide 
with hydrogen sulphide gas, and then adding an equal volume of the sodium 
hydroxide. The solution is diluted to required volume, allowed to stand several 
days, and filtered. 

Sodium metabieulphite. Solid salt of NaiSiOt. 
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Apparatus. The color comparison may be made in Nessler tubes, or in a 
colorimeter. The Campbell and Hurley modification of the Kennicott-Sargent 
colorimeter is excellent for this purpose,* Fig. 43. The colorimeter is simple in 
construction and operation. 

The tubes for holding the solutions to be compared are those of one of the 
well-known colorimeters, in which the unknown solution is placed in the left-hand 
tube while the color is matched by 
raising or lowering the level of a 
standard solution in the right-hand 
tube by means of a ghuss plunger 
working in an attached reservoir. 

The accompanjnng diagram 
shows the essential features of con¬ 
struction of the colorimeter em¬ 
ployed in the tests de.scribed below. 

The unknown solution is placed in 
the left-hand tulx; .-1, which is 19 cm. 
long, 3 cm. in diameter, and gradu¬ 
ated for 15 cm. The standard solu¬ 
tion is placed in the right-hand 
tube li, which is the same size as 
A, the graduated portion teing 
divide<l into 100 divisions of 1.5 mm. 
each. The tube B is permanently 
connected by a gla.ss tube with the 
reservoir C in which the glas-s 
plunger D works, so that the level 
of the li(]uid in B can be readily 
controlled by raising nr lowering the 
plunger. As the tube B and reser¬ 
voir (' are made in one piece, the 
liquid used for the standard solution 
comes in contact with glass only, 
thus preventing any possibility of 
chemical change due to contact with the container. The plunger is prf>vided 
with a rubber collar E, so placed as to pnwent the plunger from accidentally 
striking and breaking the bottom of the reservoir. The tubes A and B, with 
the connecting reservoir, rest on wooden supports, the one under A and B being 
provided with holes for the passage of the light, and are held in position Jby 
spring clips F F. This arrangement allows the glass parts to l)e readily removed 
for cleaning and filling. The light for illuminating the solution is reflected 
upward through the tubes A and B by means of the adjustable mirror G. The 
best results are obtained by facing the colorimeter toward a north window in order 
to get reflected skylight through the tubes, care being taken to avoid light reflected 
from adjacent objects. The black wooden back of the colorimeter serves the 
double purpose of a support for the parts of the instrument and of a screen, as 
it is interposed between the color tubes and the source of light. 

The light, passing upward through the tubes A and B, impinges on the two 
mirrors H and 1 cemented to brass plates sliding in grooves cut Pt an angle of 
45® in the sides of the wooden box J. This box is supplied with a loosely-fitting 
cover, thus allowing easy access for the purpose of removing and cleaning the 
* Jour. Am. Chem. Sec., tS, 1112, July, 1011. 






Fio. 43.—Hurley’s Colorimeter. 
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mirrors. The mirror H is cut vertically and cemented in such a position as to 
reflect one-half of the circular field of light coming through the tube A. The 
light passing upward through B is reflected horizontally by the mirror /, through 
a hole in the bra.ss plate supiiorting the mirror //. One-half of the circular field 
of light from the tube B is cut off by the mirror 11, the vertical edge of which 
acts as a dividing line between the two halves of the circular field. The image 
of one-half of the tube B Ls then observed in juxtaposition to the opposite half 
of the image of the tube A. 

The juxtaposed images are observed through a tube K, 2.5 cm. in diameter 
and 16 cm. long, lined with black felt and provided with an eye-piece having a 
hole 1.5 nun. in diameter. At the point M in the tube K is placed a diaphragm 
having an aperture 8 mm. in diameter. All parts inside the box J except the 
mirrors are painted black so that no light except that coming through the tubes 
A and B passes through the tube K. Hy having the aixjrturcs in the eye-piece 
and diaphragm pro|)crIy proportioned only the image of the bottoms of the 
tubes A and B can be seen, thus i)rcventing interference of light reflected from 
the vertical sides of the tulsis A and B. 

A person looking through the eye-piece observes a single circular field divided 
vertically by an almost im{x;rccptible line when the two solutions arc of the same 
intensity. By manipulating the plunger D, the level of the li<iuid in B can be 
easily raised or lowered, tlms causing tl>c right half of the image to assume a 
darker or lighter shiule at will. In matching colors with an ascending column 
in B, that is, gradually deeixming tlie color of the right half of the field, the 
usual tendency is to stop a little Isdow tlie true reading while in a comparison 
with a descending column the opt)osit(i is tlu! case. 

Procedure. If lead is between 10 to 50 parts per million a 1-gram sample 
is taken. If it is above or below tlicse extremes the amount of sample is regu¬ 
lated accordingly. In materials containing organic matter it is not advisable 
to take more than a 1-gram sample. 

Substances containing organic matter, such as starch in baking jwwdcr, 
should be decomposed by fusion with sodium peroxide, sodium or potassium 
sulphate containing a few drops of sulphuric acid. A Kjeldahl digestion with 
concentrated sulphuric acid and potassium bisulphate may occasionally be 
advisable. Sulphuric acid discolored by organic matter shoukl be mixed with 
4 to 6 grams of potassium bisulphate, taken to fumes .and then diluted with 
water. The material may be extracted with anunoniim acetate and lead 
detennined in the extract. See notes. 

To the solution containing the sample are added 10 cc. of tartrate solution 
(or W cc. of citrate solution with phosphates of lime, etc.), 10 cc. of hydrochloric 
acid and the mixture brought to Imiling. Small amounts of ferric iron are now 
reduced by adding 0.5 gram sodium metabisulphitc. Sufficient ammonium 
hydroxide is added to neutralize the free acid and 5 cc. in excess; then 3 cc. potas¬ 
sium cyanide (to repress any copper color that may be present to reduce higher 
oxides), and the mixture heated until the solution becomes colorless. The entire 
solution or an aliquot portion is placed in the comparison cylinder, and diluted 
to nearly 100 cc. If the Kennicott-Sargent apparatus is used the standard color 
solution is forced into the adjacent cylinder, until the color in this cylinder matches 
the one containing the sample. The number of cc. of the standard is noted. This 
blank is due to the slight color that the solutions of the samples invariably have. 
Four drops of the sulphide reagent are added to the sample and this is mixed 
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by means of a plunger, avoiding any more agitation tluin is absolutely necessary 
to make the solution homogeneous. After one minute the comparison is again 
made, the colored standard being forced into the cylinder until its color matches 
the saitiple. It is advisable to take several readings with ascending and descend¬ 
ing column of standard reagent, taking the average as the true reading. 

Calculation. Suppose the standard =0.000001 gmm Pb per cc., blank =5 cc., 
total reading =22 cc., one gniin of sample being taken for analysis. Then 
22—5 = 17 cc. =0.(X)17% Pb or 17 parts per million. 

Notes. Iiwn must be eompictely reduced before adiiing ammonium hydroxide 
and potassium cvanide. 

Allen’s method of reducing iron with so hum mctabisulphite is cxeellent. The salt 
mav be made t)y iiassing ISO, into a saturated solution of sodium carbonate at 
boiling tem|>erature, until the liquor is just acid to methyl orange. The water 
evaporated during the treatment is replaced during the action. NaiS,Oi separates 
and may be filtered oil and the water removed by centrifuging. 



Fio. 44.—Coo|wr Hewitt Mercury Light. 


The Cooper Hewitt Mercury light is excellent for colorimetric lead determina¬ 
tions, where an artificial light is desired. The yellow shades appear yellowish- 
green and may be matched more readily than the yellows obtained by daylight. 

The illustration. Fig. 44, shows the type of light recommended for this work. 

If a separation from iron is desired, the lead may be extracted with ammonium 
acetate solution. Ten grams of the powdered material are mixed with 75 cc. of 
a 33% ammonium acetate solution ‘ (25 grams of the salt dissolved in 50 cc. HjO), 
the reagent being added boiling hot. The mixture is diluted to .500 cc., a portion 
filtered, and the determination made on an aliquot jiart of the total, following 
the directions alxivc. 

• 

Notes. Nickel up to 0.1%, arsenic up to 0.2%, sine 0.2%, antimony 0.05%, 
copper 0.25%,, iron up to 1.0%, aluminum 10%, tin up to 1.4% do not interfere with 
the colorimetric determination of lead. 

' The ammonium acetate should be free from lead. 


24 
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STANDARD METHODS OF CHEMICAL ANALYSIS OF 
PfQ LEAD’ 

A. Determination of Silver 

Weigh 100 grams of the sample into a 3-inch scorifier and heat in a muffle 
furnace until the assay “ covers.” Pour into an iron mold and allow to cool. 
Free the resulting lead button from PbO, scorify again and pour as before. 
The button last obtained should not weigh over 20 grams and can be cupelled 
directly. Weigh the silver b\itton obtained upon an assay balance. 

Note. If the amount of silver is large, the button should be examined for gold, 
in the usual manner. 

B. Determination of Bismuth 
Solutions Required 

Sodium Carbonate. Dissolve 100 grams NajCOs in a liter of distilled 
water. 

Ammonium Carbonate. Make a half saturated solution. 

Alkaline Sulphide Wash Solution. Dissolve 200 grams of KOH in a liter 
of distilled water and mix one part of this solution with 4 parts of HjS water. 

Method 

(a) Determination for Ordinary Amounts of Bismuth. Dtssolve 20 grams 
of the sample in a 400-ce. bemker with 100 cc. of IINOj (1 : 4), with the aid 
of heat. When solution is complete, add dilute ammonia (1:2) with constant 
stirring, drop by drop from a burette, until a faint opalescence appears. If 
an actual precipitate is formed, redissolve by the addition of a small amount 
of IINOa (1 : 4) and repeat the addition of ammonia. Now add 5 ec. of 
HCl (1 : 9), fill the beaker with hot water, bring to boiling, and allow to stand 
on a steam hath for two hours. The ivssay, while standing, must not reach 
the boiling temimrature. Filter through a 7-cm. pai)er. Transfer the precip¬ 
itate completely to the paj)cr by means of a “ policeman ” and wash twice 
with hot water. C.'arefully examine the fdtrate, washings, and any decanted 
liquid and reject if clear. Dissolve the precipitate by dropping around the 
edges, from a .Vcc. pipette, 5 cc. of boiling HCl (1 : 9), receiving the solution 
in the original teaker. Wash the pajHir thoroughly with hot water, fill the 
beaker with water, bring to boiling, and allow to stand as before. Filter the 
bismuth oxychloride upon a weighed Gooch crucible, wash thoroughly with 
water, once with alcohol, once with ether, and dry upon the hot plate. Cool 
and weigh. 

O 

Note. If time permits, it is convenient to allow the assay to stand over night. 
In that case, the precipitate of bismuth oxychloride generally settles so completely 
that the clear supernatant solution can bo decanted. 

(b) Determination for Amounts of Bismuth Smaller Than Can Be Deter¬ 
mined by (a). Dissolve 100 grams of the sample in 500 cc. of dilute HNOj 
(1 : 4). When solution is complete, allow to cool and add NajCOj solution 
little by little until a slight permanent precipitate has formed. Then add 
50 cc. of the NaiCOj solution, bring to boiling, allow to stand warm until the 

* Reprinted by permission from the 1921 Book of the A. 8. T. M. Standards of the 
American Society for Testing Materials. 
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supernatant liquor is clear again, filter and reject the filtrate. Dissolve the 
precipitate without washing by slowly pouring hot HNOj (1:4) around the 
edges of the filter paper, using no more acid than necessary. Wash the paper 
once with hot water and determine bismuth in the filtrate as described in (a). 

Note. When the sample contains a small amount of bismuth, it is often difficult 
to ascertain when the correct amount of ammonia has licen addisi to the nitrate solution. 
In this cose, place a small piece of litmus pa))cr in the solution and add the ammonia 
very gradually until the litmus paper indicates a neutral reaction. 

(c) Determination of Bismuth in Samples Containing Appreciable Amounts 
of Tin and Antimony. Use a piece of litmus pui)cr as in Note under (b), 
and after the first precipitation of bismuth oxychloride luis been filtered off 
and washed (see (a)), proceed as follows: Dissolve the bismuth by dropping 
around the edges of the pajxir 10 cc. of boiling Hf'l (1 : 2), receiving the 
solution in the original beaker. Discard the paiK'r after washing. Dilute the 
solution to about 200 cc. with fresh H 2 S water and then pa.ss H 2 S gas through 
the hot solution for fifteen minutes. Filter and wash with hot water. Remove 
any tin or antimony present by washing three times with alkaline sulphide 
wash solution. Wash the precipitate again with hot water, place it, together 
with the filter paper, in a 100-cc. beaker, add 20 cc. of IINOj (1 : 4), boil 
until sulphides arc completely dissolved and the j)aj«?r well puliwd. Filter 
the solution, receiving the filtrate in the original beaker, and wash well. 
Determine bisniutli in the filtrate as in (a). 

Notes. IVhcn the sample contains comparatively largo amounts of tin or anti¬ 
mony, the residue left after the solution of the lead in the nitric acid ob.scaires the 
opale.sccnce found upon the addition of ammonia. 

If the original sample contains more than 0.25 )>cr cunt of bismuth, it is preferable 
to u.se only a 10-gram charge. 

C. Determination of Arsenic 

Method 

Dissolve 111.11 grams of the sample in .550 cc. of HNO 3 (1 : 4). When 
solution is complete, wash into a graduated liter flask. Add 75 cc. of H 2 SO 4 
(1 : 1), cool, and make up to the mark with water. Transfer to a large beaker, 
rinsing out the flask with 25 cc. of water. Mix thoroughly, allow to settle 
and filter off 900 cc., equivalent to a 100-gram charge. Evaporate in a large 
porcelain dish until oidy enough HjSOi is left to moisten the rc.sidue. When 
cool, wash into a small distilling flask with 60 cc. of HCl (sixjcific gravity 1.20) 
and 20 co. of water, cleaning the disli carefully. Add 10 grams of ferrous 
sulphate and distill, boiling to as small volume as possible. When cool, jdd 
50 cc. more HCl (specific gravity 1.20) and redistill. Pass II 2 S gas through 
the cold distillate for 45 minutes. Filter, and weigh the AsjSj on a Gooch 
crucible, washing in cold water, alcohol and CS 2 . After drying and weighing, 
redissolve with (NH 4 ) 2 COj solution and reweigh the Gooch crucible, calculating 
the loss in weight to arsenic. 

Note. The 25 cc. of water added is equivalent to the volume of precipitated 
lead sulphate. 
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D. Determination of Remaining Metals 

Solutions Required 

Tartaric Acid. Dissolve 50 grams of tartaric acid in 250 cc. of distilled 
water to which has been added 250 cc. HCl (specific gravity 1.20). 

Method 

Dissolve 222.2.1 grams of the sample in 1100 cc. of IINOs (1 : 4), using a 
1300-cc. beaker. When solution is complete, examine for color and turbidity. 
If clear, wash the solution at once into a 2000-cc. graduated flask. In case of 
a residue (Note 1), however, dilute to about 1100 cc. and allow to stand until 
the supernatant liquor is clear. Decant !us much as possible into a 2000-cc. 
flask, filter the remainder and receive the filtrate in the same flask. Wash 
the precipitate well and then place it, together with the filter paper, in a 
100 -cc. beaker and add 20 cc. of the tartaric acid mixture. Ilcat to boiling 
and when the paper is well pulped allow to digest warm for 30 minutes. Now 
add 50 ce. of hot water, filter and wash. (Note 2.) Carefully dry the residue 
and ignite. If any a|)preciable residue remains, brush it into a small silver 
dish containing 1 gram of molten KOII. Fuse fur 5 minutes, and after cooling 
dissolve in us little hot water as possibh; and add to the above-mentioned 
tartaric acid filtrate. Render this solution just alkaline with ammonia and 
then just acid with HCl, and saturate hot with H»S gas. After digesting for 
30 minutes on the steam bath, pa.ss H»S through the solution again for 15 
minutes. Filter and wash with slightly acidified ILS water. Reject the 
filtrate. Wash the sulphides from the pajK;r into the original beaker and add 
6 cc. of KOH solution (1 ; 5) for every 25 cc. volume present. Digest hot 
for 5 minutes and filter through the original pai»r into a small flask graduated 
to 110 cc. After washing with HjS water containing a little of the KOH 
solution, cool the filtrate and make up to the mark. Mix and reserve 100 cc. 
as alkaline sulphide solution No. 1. The precipitate may be discarded. 

Add slowly to the main solution in the 2(KK)-cc. flask 150 cc. of HsS 04 (1 : 1). 
After cooling and filling up to the mark, isiur into a clean 3-liter flask provided 
with a rubber stopper. Rin.se the fliusk out with 50 cc. of water, which is 
equivalent to the volume of lead sulphate pre.sent and is added to the portion. 
After mixing thoroughly by shaking, allow the precipitate to settle and filter 
off 1800 cc. of the liquid. This is equivalent to a 200-gram charge. Place 
this in a No. 9 jx)rcelain evaporating dish and evaporate, first over a free 
flame and later on the hot plate until oidy enough Il-iSOi is left to moisten 
the residue remaining. Add 50 cc. of water and, after digesting warm for 
a short time, wash the solution into a 250-cc. beaker, cleaning the dish carefully. 
Allow the solution to digest on the steam bath for 4 or 5 hours. (Note 3.) 
Then filter, wash and evaporate the filtrate to 200-250 cc. Place any residue 
(Note 4), together with the filter paper, in a 100-cc. beaker and treat with 
20 cc. of the tartaric acid mixture. Boil for 5 minutes, dilute with 50 cc. 
of hot water and filter. Make the filtrate alkaline with ammonia and just 
acid with HCl, and obtain the tin, antimony and arsenic as previously de¬ 
scribed, reserving the whole of the alkaline sulphide solution as solution No. 2. 
Reject the sulphide residue. 

To filtrate from the lead sulphate, add ammonia until the neutral point is 
reached, and then for every 50 cc. of the solution present add 2 cc. of HCl 
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(specific gravity 1.20). Pass HiS gas into the hot solution until saturated, 
digest for 30 minutes on the steam bath and again pass HjS gas into the 
solution. Filter and wash with IIjS water slightly acidified. (Note 5.) 
Separate tin, antimony and arsenic in the precipitate with KOH solution as 
usual, obtaining an alkaline sulphide solution No. 3. (Note 6.) 

To sum up, three alkaline sulphide solutions have been obtained, containing 
tin, antimony and arsenic, a precipitate of metallic sulphides containing 
copper, lead, etc., and a solution containing iron, zinc, nickel, etc. 

Notes. 1. A residue indicates the presence of antimony, tin possibly arsenic, or 
sulphur as lead sulphate. 

2. It has been found that even this treatment occasionally fails to dissolve stannic 
acid completely. 

3. If It is preferred, allow solution to stand over night to insure the complete solution 
of all soluble salts. 

4. Any residue of lead sulphate niay contain wme tin, antimony, or possibly arsenic. 

5. The filtrate will contain any iron, zinc, nickel, cobalt and manganese; while in 
the precipitate will be found any copper, cadmium, lead, silver, bismuth, tin, antimony 
and arsenic. 

6. When separating the sulphides of arsenic, antimony and tin from sulphides of 
copper, lead, etc., it is nece.s8ary to wash all the sulphides back into the licaker in which 
they were precipitated. These sulphides sometimes cling so tenaciously to the paper 
that in dislodging them more water than the 2.5 cc. specified Ls required. In this case 
allow the sulphides to settle and then decant the clear supernatant liquor through the 
filter until the volume is reduced to 2.5 cc. Before rejecting decanted fluid always 
test with HjS water. 

In washing sulphide precipitates with water, much trouble is experienced from the 
tendency of the precipitate to pass through the filter in the colloidal form. This is 
particularly true m washing sulphides that have l)cen digested with KOH. Time and 
treuble will l)e saved by washing all the sulphides precipitated from mineral acid solu¬ 
tions with II 2 S water conbiining a little of the acid in which they were precipitated. 
The same is true of sulphides precipitated in or filtered from alkaline solution. 

When working with alkaline solutions in which tin is to lie determined, avoid the 
use of Jena or other glass that contains zinc. The zinc content of the glass may influence 
the r^ult. 

Determination of Antimony and Tin 

Solutions Required 

Potassium Iodide. Dissolve 100 grams in a liter of distilled water. 

Standard Sodium Thiosulphate. Dissolve 24.8 grams of NajSjOa.SHjO in 
1000 cc. of distilled water, and allow to stand for 24 hours. Standardize 
against Antimony Metal, c. p., using same quantity of reagents and same 
procedure as under method. Each cubic centimeter is equivalent to approxi¬ 
mately 0.006 gram of antimony. 

Method 

Wa.sh the alkaline sulphide solutions Nos. 1, 2, and 3 into a 600-cc. beaker, 
and acidify with 5 cc. of HNOj (specific gravity 1.42) and 20 cc. of IICl 
(specific gravity 1.20). Evaporate the solution to dryness on the steam bath. 
Dissolve the residue in 200 cc. of water, add 10 grams of oxalic acid and 10 
grams ammonium oxalate and heat the solution until it is clear. Then pass 
HjS gas through the boiling solution for 45 minutes. Filter off the precipitate, 
consisting of arsenic and antimony sulphides, and wash with hot water. 
Determine tin electrolytically in the filtrate, continuing the electrolysis until 
all the oxalic acid is decomposed and the solution becomes alkaline. Dissolve 
the deposit on the cathode with a small amount of HCl and examine qualita¬ 
tively for tin. 
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Disaolvo the sulphides of arsenic and antimony in KOH as usual, collecting 
the filtrate in a 500-cc. Krlenmeyer flask. Add 50 cc. of IICl (specific gravity 
1.20) and boil the solution until about 30 cc. arc left. Expel the arsenic as 
chloride. Now oxidize tlie solution with a pinch of KClOa and boil until no 
more chlorine remains. Cool and add 5 cc. pota.ssium iodide solution. Titrate 
the liberated iodine with N/10 sodium thiosulphate solution, using carbon 
disulphide as an indicator. 

Determination of Copper and Cadmium 

Solutions Required 

Sodium Chloride (Solution No. 1). Dissolve 1 gram NaCl in 100 grams 
distilled water. 

Sodium Chloride (Solution No. 2). Dissolve 10 grams NaCI in 100 grams 
distilled water. 

Standard Potassium Cyanide. Dissolve 2 grains of KCN in a liter of 
distilled water and standardize against a known amount of copper as treated 
in the analy.sis. 

Sodium Carbonate (Solution No. 1). Dissolve 50 grams Na 2 C 03 in 1 liter 
of distilled water. 

Sodium Carbonate (Solution No. 2). Dissolve NajCOj in distilled water 
to saturation. 

Method 

(a) Determination Where Copper Exceeds 0.0025 Per Cent. Place the 
filter containing the sulphides in a )00-cc. beaker and add 20 cc. of HNOj 
(1 : 4). Heat with occasional stirring until the paper is thoroughly puliied 
and the sulphides are completely dissolved. Filter into a 250-cc. beaker. 
Dry the residue, which generally contains a small amount of copper, ignite in 
a porcelain crucible, boil with 5 cc. of HNO 3 (1 : 1), and wash into the main 
portion, keeping the volume below 100 cc. Render it strongly alkaline with 
ammonia, and add 5 grams of potassium cyanide, then saturate it in the cold 
with HsS gas. (Note 1.) Filter the solution and evaporate the filtrate to a 
volume of 20 to 30 cc. in a 4-inch porcelain casserole. Boil until solution is 
complete. Add 20 cc. of HaSO* (1 : 1 ) and evaporate the solution under a 
hood until dense fumes of II2SO4 escape. Cool, dilute, and warm until copper 
sulphate is all dissolved. Now filter, if nece.ssary, into a 200-cc. beaker, 
render just alkaline with ammonia, make acid by the addition of 3 cc. of 
HNOj per 100 cc. solution, and electrolyze for copper. 

Dissolve the precipitate of sulphides in the usual manner with 20 cc. of 
HNOj (I : 4). Add 1 cc. Nat.'l solution No. 1 to the solution, still containing 
the pulped filter, and digest for one-half hour. Filter off the AgCl, wash and 
reject. Make the filtrate, not exceeding 100 cc., alkaline with a slight excess 
of NajCOj and add 5 grama of KCN. Digest for 1 hour. Filter and wash 
with NajCOi solution No. 1. Reject the precipitate of bismuth. Now add a 
few cubic centimeters of ammonium sulphide solution to the filtrate to precipi¬ 
tate any cadmium as yellow cadmium sulphide. Filter upon a weighed 
Gooch crucible and weigh as cadmium sulphide. (Note 2.) 

Notes. 1. Copper remains in the solution while lead, silver and bismuth and 
cadmium ate precipitated. 

2. If an appreciable amount of cadmium sulphide is found, it should be converted 
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to and weighed as cadmium sulphate, according to method for cadmium under Standard 
Methods of Chemical Analysis of Spelter (see page 130) of the American Society for 
Testing Materials. 

(b) Determination Where Copper Is Less Than 0.(X)2S Per Cent. Place 
the pai)er containing the sulphides in a porcelain crucible, dry carefully and 
ignite. When the carbon has been all burned off, cool and dissolve the residue 
in 5 to 10 cc. of HNO) (1 : 1). After evaporating to a volume of 1 to 2 cc., 
add 1 cc. of lIjSO* (1 ; 1). Then evaporate the solution until fumes appear, 
cool, dilute, add a few drops of NaCl solution No. 2, and filter off the lead 
sulphate and silver chloride. Again evaporate the filtrate until fumes of 
HiSO* appear, and when cold, dilute and neutralize with NsjCOj solution 
No. 2. Then add about six drops of concentrated ammonia and titrate the 
solution with standard KCN solution until the blue color is discharged. 

The cadmium can be obtained by making this solution, titrated for copper, 
strongly alkaline, diluting a little, and adding 5 grams of KCN. Saturate 
the solution cold with HiS gas, filter, discard the filtrate and treat the precipitate 
for cadmium as described in Method (a). 

Determination of Iron 

Method 

Evaporate the filtrate containing iron, zinc, etc., to 100 cc. and oxidize 
with a few drops of lINOj. Separate the iron with ammonia as usual, making 
two separations, and receive the filtrate in a 500-cc. Erlenmeycr flask. Re- 
dissolvc the iron hydroxide with hot HCl (1 : 1) or dilute HsSOi and determine 
the iron volumetrically by any of the standard methods. 

Determination of Zinc in Pig Lead 

Solutions Required 

Nitric Acid (1 : 4). Mix 200 cc. of IINOa (sp. gr. 1.42) with 800 cc. of 
distilled water. 

Sulphuric Acid (I .• 1). Carefully pour, with stirring, 500 cc. of HjSOa 
(sp. gr. 1.84) into 500 cc. of distilled water. 

Acidulated Hydrogen Sulphide Water. Add 20 cc. of IICl (sp. gr. 1.19) to 
1000 cc. of distilled water and saturate with hydrogen sulfide. 

Ammonium Thiocyanate Solution (2%). Dissolve 20 g. of NH 4 CNS in 
1000 cc. of distilled water. 

Hydrochloric Acid (I .- 3). Mix 100 cc. of HCl (sp. gr. 1.19) and 300 cc. 
of distilled water. 

Standard Zinc Solution (0.1 mg. of zinc per cc.). Dissolve exactly 0.1 g. 
of U. 8. Bureau of Standards pure zinc in 5 cc. of HCl (sp. gr. 1.19) and dilute 
to exactly 1000 cc. with distilled water. 

Potassium Ferrocyanide Solution. Dissolve 34.8 gr. of K4Fe(Cn),.3HjO 
in 1000 cc. of distilled water. 

Method 

Dissolve 222.23 g. of the sample in 1100 cc. of HNOj (1 : 4), using a 1300- 
cc. beaker. When the lead is dissolved, transfer the solution to a 2000-cc. 
graduated flask and add slowly 150 cc. of HsS 04 (1 : 1). Cool, fill the flask 



290b 


LEAD 


to the mark and then pour the solution into a clean 3000-cc. flask provided 
with a rubber stopper. Rinse the measuring flask with exactly 50 cc. of water, 
which is equivalent to the volume of lead sulfate which is present. Mix the 
solution thoroughly by shaking, allow the precipitate to settle and filter 
through a dry filter until 1800 cc. of filtrate has been obtained. 

Place exactly 1800 cc. of filtrate (equivalent to a 200-g. charge) in a No. 9 
porcelain evaporating dish and evaporate the solution to approximately 100 cc. 
Transfer the solution to a 600-cc. beaker, neutralize with ammonia, and then 
add 5 cc. of HCl (sp. gr. 1.19) for every 100 cc. of solution. Warm the solution 
and pass in a rapid current of hydrogen sulphide until it is saturated. Digest 
for 30 minutes on the steam bath, add an equal volume of water and again 
saturate with hydrogen sulfide. Filter and wash with acidulated HjS water. 

Discard the precipitate and evaporate the filtrate in glassware containing 
no zinc (such as Pyrex) until the volume of the solution is approximately 
100 cc. 

Neutralize the solution with ammonium hydroxide, add 5 g. of citric acid, 
and warm until the acid is dissolved. Add small portions of calcium carbonate 
to the hot citric acid solution until about 1 g. of calcium citrate has separated 
and then pn.sa in a rapid current of FLS ns the solution is allowed to cool. 
Allow the solution to stand for from 2 to 4 hours, part of the time on a water 
bath, until the supernatant liquid is clear. 

Collect the precipitate on a filter, wash with a 2% solution of ammonium 
thiocyanate and then dissolve the precipitate in hot dilute hydrochloric acid 
(1 : 3). If the solution has a reddish color (due to iron), the zinc must be 
reprecipitated as above. If the solution is clear, evaporate it to dryness on 
the steam bath, take up the residue in 3 cc. of HCl (sp. gr. 1.19), add 20 cc. 
of water and filter if not iwrfcctly clear. 

Transfer the solution (Note 2) to a .50-cc. Ncssler jar and dilute to 45 cc. 
Prepare other Nc.ssler jars containing 3 cc. of IICl (sp. gr. 1.19), definite volumes 
of standard zinc solution, and diluted to 45 cc. Add 5 cc. of potassium 
ferrocyanide solution to each jar, mix quickly, and compare the turbidities by 
viewing longitudinally as the jars are held over a sheet of fine print. Add 
more of the standard zinc solution from a burette to the jar which approximates 
the turbidity of the unknown most closely until the turbidities match each 
other and calculate the percentage of zinc on the basis of a 200-g. sample or 
the aliquot portion taken. 

Notes. 1. All glassware that contains zinc must l)e avoided and in' umpire work 
a blank test should be carried along with the test. 

2. The whole solution can b<! used if the lead contains no more than 0.002 per cent 
of zinc. If more zinc is present, it is best to take such an aliquot portion of the solution 
as will give approximately 4 mg. of zinc and then to add enough HCl to provide 3 cc. 

3. For further details concerning the turbidmctric test, consult the " Etetermination 
of Small Quantities of Zinc” by Mr. Uodansky, in the Journal of Industrial and Engi¬ 
neering Chemistry, Vol. 13, pp. 696-697 (1921). 

4. The addition of calcium carlionate with the formation of a precipitate of calcium 
citrate serves the purpose of giving a clear filtrate, and prevents the loss of colloidal 
sulphide. 
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Determination of Nickel and Cobalt 

Solutions Required 

Hydrogen Sulphide Wash Water. To each 100 cc. of hydrogen sulphide 
water add 20 cc. neutral ammonium acetate. 

Method 

Render the filtrate just alkaline with ammonia and saturate with HjS- 
Heat to boiling and then make just acid with acetic acid, add 20 cc. of neutral 
ammonium acetate solution, and boil until the sulphides of nickel and cobalt 
separate out. Filter and wash with warm HaS wash water. Dry the precipi¬ 
tate and paper in a porcelain crucible and carefully ignite. I." there is an 
appreciable amount of residue after ignition, dissolve by boiling with 10 cc. 
of aqua regia, wash into a 250-cc. beaker, add 10 cc. of HaS04 (1 : 1), evaporate 
until fumes appear, cool, dilute to 200 cc., make alkaline with ammonia, 
and add 15 cc. of concentrated ammonia. Then electrolyze the solution and 
weigh the nickel and cobalt as such. 

Notes. If the amount of nickel and cobalt is small, it can be weighed as oxide. 

If the filtrate from the nickel and cobalt sulphides shows a brown color, it indicates 
that the precipitation has not been complete. In this case render the solution ammo- 
niacal and repeat the above process. 

Determination of Lead in Basic Carbonate of Lead 

(Corroded White Lead) 

Basic carbonate white lead ( 2 PbC 03 .Pb( 0 H) 2 ) contains approximately 
80 per cent metallic lead and 20 per cent carbonic acid and combined water, 
with traces of silver, antimony, lead, and other metals. The analysis of 
basic carbonate white lead can best be carried out by Walker’s method.* 

Analysis 

Total Lead. “ Weigh 1 gram of the sample, moisten with water, dissolve 
in acetic acid, filter, wash, ignite, and weigh the insoluble impurities. To 
the filtrate from the insoluble matter add 25 cc. of .sulphuric acid (1 ; 1), 
evaporate and heat until the acetic acid is driven off; cool, dilute to 200 cc. 
with water, add 20 cc. of ethyl alcohol, allow to stand for two hours, filter 
on a Gooch crucible, wash with 1 per cent sulphuric acid, ignite, and weigh 
as lead sulphate. Calculate to total lead (PbS04 X0.68292= Pb) or calculate 
to basic carbonate of lead (white lead) by multiplying the weight of lead 
sulphate by 0.85258. 

“ The filtrate from the lead sulphate may be used to test for other metals, 
though white lead is only rarely adulterated with soluble substances; test, 
however, for zinc, which may be present as zinc oxide. 

“ Instead of determining the total lead as sulphate it may be determined 
as lead chromate by precipitating the hot acetic acid solution with potassium 
bichromate, filtering on a Gooch crucible, igniting at a low temperature, and 
weighing as lead chromate.” 

' P. H. Walker, Bureau of Chemistry Bulletin No. 109, revised, U. S. Dept, of Agri¬ 
culture, pp. 21 and 22. 
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The Determination of True Red Lead’ 

Solutions Required 

1. “ Red Lead Solution.”—WeiRh out into a 1300-cc. beaker, preferably 
Pyrex glass, 600 g. C.P. “ Tested Purity” crystals sodium acetate (360 g. C.P. 
dried) and 48 g. O.P. potassium iodide. Make up a solution of 25% acetic 
acid by mixing 150 cc. C.P. glacial acetic acid with 450 cc. distilled water; 
184 cc. 80% acetic acid with 416 cc. distilled water. Now pour about 500 cc. 
of this 25% acid into the 1300-cc. beaker above mentioned, reserving the 
remainder. Warm the beaker on the steam bath, stirring oecasionally, until 
a clear solution is obtained. (k)ol this solution to room temperature and 
pour it into n l-litcr graduated 6ask. Then add enough of the reserved 25% 
acetic acid to make exactly 1000 cc. and mix thoroughly. 

2. 1/SO N Sodium Thiosulphate Sulutum.—Weigh out into a large beaker 
26 g. C.P. crystals sodium thiosulphate, add 800-1000 cc. distilled water and 
stir until dissolved. Wash this solution into a 2-liter graduated flask, make 
up to the mark with distilled water and mix thorougldy. 

Each 1 cc. of this solution is equivalent to about 1.74% true red lead 
(using 1 g. charge) but its exact value should be determined by standardizing 
against pure iodine, or better, against a standard sample of red lead, the 
” true red lead ” content of which is accurately known. The strength of 
this solution gradually decreases upon standing. It is a good plan, therefore, 
when analyzing a sample of red lead, to run a parallel determination with the 
standard red lead, thus ascertaitdng the exact strength of the thiosulphate 
solution. This procedure consumes but little extra time and will often prevent 
error. 

3. Starch Indicator Solution. —Weigh out 3 g. of ordinary starch (better 
soluble stareh) into a small beaker, add about 50 cc. cold distilled water and 
mix to a thin paste. Measure into an 800-cc. beaker 500 cc. cold distilled 
water, heat to boiling, and pour into it slowly, with constant stirring, the 
previously prepared starch paste. Then boil for 2 minutes, stirring, and add 
6-6 drops of oil of cassia. Allow to stand over night and decant the clear 
supernatant liquid into a stock-bottlc. When prepared in this way the 
solution will keep indefinitely. 

Method. Weigh 1 g. of sample into a 300-cc. Erlenmcyer flask. Add 
25 cc. of distilled water and whirl the mixture into a smooth paste. Then 
add 30 cc. of the rod lead solution and continue whirling until nearly all the 
red lead has been dissolved. Titrate off once with the 1/20 N thiosulphate, 
adding the latter rather slowly and keeping the liquid constantly in motion 
by whirling the flask. When the color of the assay has been reduced to a 
light yellow, examine it carefully for undissolved particles of red lead. If 
present, they can often be dissolved by shaking the flask for a short time, 
but if they dissolve too slowly, they should be crushed by rubbing with a glass 
rod flattened on end until completely dissolved. The rod should then be 
removed and washed with a few cc. of water. After the addition of thio¬ 
sulphate has reduced the color of the assay to a very pale-lemon tint and 
care has been taken to see that solution of the red lead is complete, add 2 cc. 
of the starch indicator solution. The assay should then turn blue. Now 
* Contributed by F. E. Dodge, National Lead Co. 
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finish the titrating by adding the thiosulphate solution, drop by drop, shaking 
the flask very thoroughly after each addition, until the blue color disappears. 

Calculation. Supi)ose, for instance, that a red lead sample, by this method, 
requires 24.8 cc. thiosulphate, standard red lead requires 26.5 cc. thiosulphate. 

Then the per cent “ true red lead ” 

92.00 

2 ;^ X24.8=86.1% “ true red lead,” 

92.00% Pb 304 being the true red lead contents of our standard. 

Notes. Before analyzing a course sample, “glaasmakers”’ red lead, for instance, 
it is necessary to grind the 8iim|>lc, thus rendering it more readily soluble. As a rule, 
it is not necessary to secure complete solution of the sample Ijefore l>eginning to titrate, 
for it will generally found, by the time the titration is nearly finished, that the 
sampje has entirely di.y«)lved. Occasionally, however, a stimple dissolves very slowly. 
In this case titrate until nearly all the free iodine has Ijeen used up. Then warm gently, 
not over 49-50° C., agitote until the wlution is complete and finish the titration ns 
usual. The loss of iedine, owing to its small concentration, will be inappreciable, 
provided that the heating is not too prolonged. 

Never attempt to hasten solution of the sample by warming if much free iodine 
is present, as this will cause loss of iiHlinc and, consequently, too low a result. 

The temperature of the “red lead solution,” when u^l, should be the same as 
normal room temperature, .say 20°-2.5° C. (08-77° F.). If colder than this, lead iodide 
IS apt to separate out. In this case, however, it may be nxlissolvcd by warming gently 
or adding a small amount of warm water. 

The red lead solution should be kept in a moderately cool, dark place, but even 
then, however, it may gr.adually decompose, with liliemtion of iodine. The error 
thereby introduced in a determination is inappreciable, if the thiosulphate is freshly 
standardizcil, before use, against a standard sample of red lead, as recommended. 

^ The main coiisidenation, in this method, is to see that the determination is run 
in exactly the same way and under exactly the .same conditions as the standardization 
of the thio.sulphalc, by means of the standard sample of red lead, then any small errors 
in the determination will lie offset by similar errors in the standardization. 

Theoretical factor for N/10 Nar^jO, to PbjO<—.03425 [icr cc. 

N/20 Na2S20a to PbaOa—.017125 per cc. 

Modifications for Paste Red Lead or Red Lead from a Mixture 
with Linseed Oil 

A modification of the method of solution in carrying out the determination 
for true red lead consists in the di.s]K!rsion of the sample of rod lead in a mixture 
of 7 parts chloroform and 3 parts glacial acetic acid before the addition of the 
regular “ red lead solution.” This is an excellent procedure to adopt, since 
it shortens the time of solution and titration of the sample remarkably. In 
following the regular procedure in the standard A. S. T. M. method, th» red 
lead solution acts on the sample of red lead very slowly, and in fact the entire 
sample is not decomposed with resulting liberation of iodine until the titration 
is nearly completed, the entire operation taking from 10 to 15 minutes. With 
the modification proposed, the sample of red lead after dispersion in the chloro¬ 
form and glacial acetic acid mixture reacts readily and completely almost at 
once with the red lead solution, and the entire operation of solution and 
titration takes only from 3 to 4 minutes. The use of this modification is 
particularly desirable W'ith red lead after extraction from paste or paint. 

would appear from this that the chloroform and acetic acid mixture is 
added before the 25 cc. of distilled water. 
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Determination of Lead Peroxide in Minium (Red Lead) 

Lead peroxide is reduced by oxalic acid according to the reaction: 

PbOj+lLCjO, = Pb0+2C05+Hj0. 

The peroxide reduced i)y an excess of oxalic acid is determined by titrating 
this excess with standard potassium permanganate. 

Procedure. About 0.2 g. minium is heated with 25 cc. of 2N HNOj (one 
volume of HNOj, sp.gr. 1.2, to two volumes ILO) and then 50 ec. N/5 oxalic 
acid added. The solution is heated to boiling and the excess oxalic acid 
titrated with N/5 pota.ssium permanganate. 1 cc. N/5 KMn 04 = .0239 g. PbO». 



Fio. 44a. Modified form of Scott Volumeter for Testing Lead Pigments. 

Optional Method of Diehl Modified by Topf * 

The method depends of the liberation of iodine from potassium iodide by 
lead peroxide, which in turn is reduced as shown in the reaction below. The 
action is carried on in an acetic acid solution in presence of considerable 
alkali acetate. 

Pb02+41ir= I,+PbL+2HjO. 

Procedure. About 0.5 gram of the material is dissolved by adding 1.2 g. 
of potassium iodide and 10 g. of sodium acetate in 5 cc. of 5 per cent acetic 
acid. The solution is now diluted to about 25 cc. and the liberated iodine 
titrated with 0.1 N sodium thiosuli)hato. 

t cc. 0.1 N Nn2S20s titrates iodine equivalent to 0.01036 g. Pb. 

Notes. The solution should l)c j)crfeotl,v clear and no PbL precipitate present. 
If present 3-4 g. sodium acetate arc added and a few cc. of water. The mixture is 
ohaken until clear and then diluted to 25 cc. 

» Diehl, Dingl. polyt. J., 246, 196. Topf, Z. anal. Chem., 26, 296 (1887). 





MAGNESIUM 

Mg, at.wt. 24.33; tp.gr. 1.6&-1.76; m.p. 651° ■; b.p. 1120° C.*; oxide MgO. 

DETECTION 

In the usual course of analysis magnesium is found in the filtrate from the 
precipitated carbonates of barium, calcium, and strontium. The general procedure 
for removal of the preceding grouiw may be found in the section on Separa¬ 
tions given on the following page, 292. Magnesium is precipitated as white 
magnesium ammonium |)hosphate, MgNH 4 P 04 , by an alkali phosphate, Na 2 HP 04 , 
NaNH 4 HP 04 , etc., in pnisence of ammonium chloride and fnse ammonia. The 
precipitate fonns slowly in dilute solution. This is hastened by agitation and 
by rubbing the sides of the beaker during the stirring with a glass rod. Crj’stals 
soon apjKiar on the sides of the beaker in the path of contact, and finally in 
the solution. 

Baryta or lime water added to a solution containing magnesium produces 
a white precipitate of magnesium hydroxide. 

Both the phosphate and the hydroxide of magnesium are soluble in acids. 

ESTIMATION 

The element is determined in the complete analysis of a large number of 
substances; in the analysis of ores, minerals, rocks, soils, cements, water, etc. 
The following are the more important ores in which the clemcint occurs: Mag¬ 
nesite, MgCOj; doloniit(!, CaCOj-MgtXla; kieserite, MgS 04 'H. 4 (); kninitc, 
MgS 04 ’KCl- 6 Hj(.); carnallib!, MgCU-KCl-CIIjO; in the silicates, enstatite, 
MgSiO,; talc, HjMgsfSiOj),; meerschaum, forsterite, MgjSiO,; titanatc, MgTiOi; 
olivine, Mg.jSi 04 'FejSi() 4 ; .stirpentine, H 4 MgjSij 04 . It occurs as boracite, 
4 MgB 407 - 2 MgO-MgCU. It is found in sea-water, and in certain mineral waters. 
It occurs as a phosphate and carbonate in the vegetable and animal kingdoms, 
especially in seeds and bones. 

Preparation and Solution of the Sample 

In solution of the material it will bo r(;ealled that the metal is soluble in 
acids and is also attacked by the acid alkali carbonates. It is soluble in am¬ 
monium salts. The oxide, hydroxide, and the salts of magnesium are soluble 
in acids. Combined in silicates, however, the substance requires fusion with 
alkali carbonates to bring it into solution. 

General Procedure for Ores. One gram of the ore is treated with 20 cc. of 
strong hydrochloric acid and heated gently until the material is decomposed. 
If sulphides are present, 5 to 10 cc. of strong nitric acid are added and the material 
decomposed by the mixed acids. If silicates are present and the decompo- 

* Circular 3.5 (2d Ed.), U. 8. Bureau of Standards. 

Chapter contributed by Wilfred W. Scott. 
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magnesium 


sition is not complete by the acid treatment, the insoluble mateml is decora- 
posed by fusion with sodium carbonate, or the entire sample may be fused with 
the alkali carbonate, the fusion is dissolved in hydrochloric acid and taken to 
dryness. Silica is dehydrated as u.sual by heating the residue from the evaporated 
solution. Tliis is taken up with 50 cc. of water containing about 5 cc. strong 
hydrochioric acid, the silica filtered off and, after removal of the interfering sub¬ 
stances according to procedures given under the next section on Separations, 
magnesium is determined as directed in the sections on Methods. 


SEPARATIONS 


Removal of Members of the Hydrogen Sulphide Group. Copper, Lead, 
Bismuth, Cadmium, Arsenic, etc. The filtrate from silica * is diluted to about 
200 cc. and hydrogen sulphide gas passed in until the members of this group 
are completely precipitated. The sulphides are filtered off and washed with HjS 
water and the filtrate and washings concentrated by boiling. This treatment 
is seldom ncccs.sary in analysis of many silicates and carbonates in which these 
elements are absent. 

Removal of Iron, Aluminum, Manganese, Zinc, etc. The concentrated 
filtrate from the hydrogen sulphide group, or in case the treatment with hydro¬ 
gen sulphide was not re(iuired, the filtrate from silica, is boiled with a few cc. 
of nitric acid to oxidize the iron (solution turns yellow), about 5 cc. of concentrated 
hydrochloric acid added, and if manganese is present, 15 to 20 cc. of a saturated 
solution of bromine water, and the solution made alkaline to precipitate iron, 
aluminum, manganese. If zinc, cobalt, and nickel are present, these are best 
removed as sulphides by passing hydrogen sulphide into the ainmoniacal solu¬ 
tion under pressure. (See Tig. 3 and Fig. 4, pages 42 and 43.) 

Separation of Magnesium from the Alkaline Earths. The alkaline 
eart^ are precipitated cither as oxalates, recommended when considerable 
calcium is pre.sent, or as sulphates, rcconuncnded in presence of a large pro¬ 
portion of barium, the magnesium salts being soluble. Magnesium is pre¬ 
cipitated from the filtrates as a phosphate, according to directions given later. 
Details of the separation {)f magnesium from the alkaline earths may be found 
in the chapter on Barium, page .59. 

An excellent procedure for the separation by means of sulphuric acid is 
to evaporate the solution to dryness, concentrating first in a porcelain dish and 
finally to dryness in a platinum dish, and then adding about 50 cc. of 80% 
alcohol and sufficient sulphuric acid to combine with the alkaline earths and 
magnesium, with slight excess. This precipitates barium, strontium, and cal" 
ciuin as sulphates, while the greater part of the magnesium is in solution. 
After settling, the precipitate is filtered and washed free of sulphuric acid by 
means of absolute alcohol, then with 40% alcohol to remove any magnesium 
sulphate remaining with the precipitate. Magnesium is determined in the 
filtrate by expelling the alcohol by evaporation, and then precipitating as mag¬ 
nesium ammonium phosphate according to directions given for the determination 
of this element. 


Note. Magnesium is prevented from precipitation as 
of ammonium s^ts. See note, bottom of page 8. 


a hydroxide by the presence 


‘ See previous paragraph. 
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GRAVIMETRIC DETERMINATION OF MAGNESIUM 

Precipitation of Magnesium by a Soluble Phosphate as 
Ammonium Magnesium Phosphate 

Magnesium is determined in the filtrate fro!n calcium oxalate by the addition 
of sodium ammonium phosphate to a hot slightly acid or neutral solution followed 
by a definite amount of anunonia. The practice of precipitating magnesium from 
a cold solution necessitates a double precipitation as the com|M)sition of the 
phosphate is considerably modified by that of the solution in which the precipi¬ 
tation takes place, so that it is necessary to adjust conditions by having a 
definite amount of ammonia, ammonium salts and phosphate for the approxi¬ 
mate amount of magnesium pressent.* Accurate results are obtained by pre¬ 
cipitation of the compound from a hot solution by the method of B. Schmitz,* 
by addition of the soluble phosphate to a slightly acid solution and then mak¬ 
ing ammoniacal, or that of W. Gibbs,* by precipitation of the amorphous 
magnesium hydrogen phosphate in a neutral solution and transfonning the pre¬ 
cipitate to magnesium ammonium phosphate by addition of ammonia to the hot 
solution. Upon ignition of the precipitate, magnesium pyrophosphate (MgjPiOr) 
is fonned. 

Reactions. 

A. Na 2 NH 4 PO.+MgCh =2XaCI-|-Mg\H.PO. (B. Schmitz). 

B. NaHNH,P 04 -t-MgCI, = NaCl+MI,Cl-hMgIlP 04 and 

MgUP 04 +NH 4 =MgNH 4 P 04 (W. Gibbs). 

Decomposition with Heat. 

2MgN H 4 PO 4 = 2N H. -f H.0 -|- Mg^PjO,. 

The following procedure gives accurate results. 

Procedure. The neutral or .slightly acid solution, containing magnesium in 
presence of ammonium salts, is heated to lH)iling and treated, drop by drop, with 
an excess of .sodium or ammonium phosphate, or microcosmic salt (10% solutions), 
stirring constantly during the addition. Then ammonium hydroxide (sp.gr. 0.96) 
is added, its volume measuring one-third that of the magnesium solution. The 
crystalline precipitate is allowed to cool and .settle for two hours or more. The 
supernatant liquid Ls filtered off, the precipitate washed by decantation two or 
thn?e times, then transferred to the filter, using dilute ammonia water (2%). The 
precipitate is dried and then tran.sferred as completely as ])ossil>le to a weighed 
platinum crucible, the ash of the filter paper, burned separately, is added and the 
compound heated gently at first, the crucible being covered until the ammonia 
is driven off, and then more strongly until the mass is snow white. The residue 
is cooled in a desiccator and weighed as MgiPjO,. The ammonium magnesium 
phosphate may be filtered directly into a weighed Gooch cnicible and ignited, 
thus avoiding the carbon of the filter paper, and shortening the period of ignition, 
less heat being required to obtain the white magnesium pyrophosphate. 

* F. A. Gooch and M. Austin, Am. Jour. Sci. (4), 7, 187, 1899. W. Gibbs, C. N. 28, 
51,1873. H. Struve, Zeit, anal. Chem., 36, 289, 1897. 

»Z. anal. Chem., 618, 1906. > Am. Jour. Sci. (3), 6, 114, 1873. 
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Factors.* MgJ>,O,X0.3621 =MgO or 0.2184 -Mg or X0.7672 

-MgCO.or XI.0811 -MgSO, or X2.2143 =MgS 04 - 7 H* 0 . 

Notes on Magnesium 

The ignition is conducted gently at first to gradually oxidize the carbon that the 
precipitate contains. With rapid ignition the ]>articIeB are inclosed in the mass in a 
fotm that it is almost impossible to completely oxidize, so that the final residue is 
gray instead of white. L. 1.. dc Koninck ‘ considers that the blackening of the precipi¬ 
tate is frequently due to the presence of organic bases in commercial ammonia and 
its salts, rather than to the fibers of filter paper occluded in the mass. With caution, 
the filter and residue may be ignited wet, the heat being low until the filter completely 
chars and then being increased, with the cover removed, until the residue is white. 

Impurities. The precipitate mav contain traces of lime that remained soluble 
in ammonium oxalate. This may be determined by dissolving the pyrophosphate 
in dilute sulphuiic acid followed by addition of 11 to 10 volumes of absolute alcohol. 
Calcium sulphate, CaSO,. precipitates and settles nut on standing several hours. It 
may be filtered oil. dissolved in hydrochloric acid and jirccipitated as oxalate in the 
usual way and so uctenuined. 

A residue remaining after treating the jiyrophosphate with acid is generally SiOj. 

The presence of manganese may be detected by dissolving the magnesium pyro¬ 
phosphate, MbPiO?, in nitric acid and oxidizing with sodium bismuthate. (i^ 
method under Manganese.) 

Properties of Ammonium Magnesium Phosphate. Readily soluble in dilute 
acids. One hundred cc. of pure water at 10° (’. will dissolve 0.0065 gram. The 
presence of ammonia greatly decreases the solubility of the salt, e.g., 2.5% ammonia 
decrees the solubility to O.tXXXMl gram MgO i>er 100 co. The jirosence of ammonium 
salts increase the solubility of the precipitate, e.g., 1 gram of ammonium chloride 
will increase the solubility to 0.0013 gram MgO.® 


VOLUMETRIC DETERMINATION OF MAGNESIUM 

Titration of the Ammonium Magnesium Phosphate with 
Standard Acid 

The procedure known as Handy s volumetric method for magnesium,* depends 
upon the reaction MgNHiPO.-l-HsSO,-MgSOi-t-NILHjPOi. An excess of 
standard sulphuric acid is added to the precipitate and the excess of acid titrated 
back with standard ammonium hydroxide. 

Procedure. The method of precipitation of the magnesium ammonium 
phosphate is the same as has been described under the gravimetric method. The 
precipitate is washed several time.s by decantation w’ith 10% ammonium hydrox¬ 
ide solution (1 part NILOH, sp.gr. 0,00 to 9 parts water), and finally on the 
filter. After draining, the filter is opened out, the moisture removed as much as 
possible by means of dry filter papers. The residue may be dried in the room 
for about forty-five minutes or in the air oven at 50 to 60° C. for fifteen to 
twenty minutes.* When the filter has dried, ammonia will have been expelled. 
The substance is placed in a dry beaker, N/10 sulphuric acid added in excess 
(methyl orange indicator), the solution diluted to 100 cc. and the excess of acid 
titrated with N/10 sodium hydroxide. 

One cc. N/10 IIjSO* =0.002 gram MgO. 

* Based on atomic weights of 1916. 

* Zeit. analy. Chem., 29, 165,1890. 

•Mellor, “ l^iantitative Inorganic Analysis,” J. B. Lippincott Co., Pub. 

* James Otis Handy, Jour. Am. Ch«n. 8oc., 22,31. 

* Low, “ Technical Methods of Ore Analvsis.” W'Uey A Sons, Pub. 
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Mn, at.wt. 54.93; sp.gr. 7.42'; m.p. 1260“*; b.p. 1900“ C '; oxide*, MnO, 
MoiOt, (Mn 304 ignition in air), MnO:, MnO„ MdiO,. 

DETECTION 

In the usual course of analysis manKancso is found in the filtrate from the 
hydroxides of iron, aluminum and chromium, tlie previous groups having been 
removed with hydrochloric acid, hydrogen sulphide and anm'.onium hydroxide in 
presence of ammonium chloride. Manganese, cobalt, nickel and sine are pre¬ 
cipitated as sulphides in an ammoniactil solution. 1'he sulphides of manganese 
and zinc are dissolved by cold dilute hydrochloric acid, HjS exixjllcd by boiling 
and manganese precipitated as the hydroxide by addition of potasshim hydroxide 
in sufficient amount to dissolve the zinc (sodium zincatc). Manganese is now 
confirmed by dissolving this precipitate in nitric acid and adding red lead or 
lead peroxide to the strong nitric acid solution. A violet-colored solution is pro¬ 
duced in presence of manganese. Chlorides should be absent. 

Manganese in soils, minerals, vegetables, etc., is detected by incinerating 
the substance, treating the ash with nitric acid and taking to dryness, the residue 
is taken up with water and the mixture filtered. To the filtrate is added a few 
cc. of 40% ammonium persuli>hate and a little 2% silver nitrate solution. A 
pink color is produced in presemee of manganese. 

Manganese compounds heated with borax in the oxidizing flame produce 
an amethyst red color. The color is destroyed in the reducing flame. 

Fused with sodium carbonate and nitrate on a jilatinum foil manganese 
compounds produce a green-colorcd fusion (“robin egg blue”). 

ESTIMATION 

Manganese may be detennined accurately gravimetrically or volumetrically. 
The former methods may be used for high-grade manganese ores, the latter are 
generally prefi^rred for detennining manganese in steel and in alloys and are 
applicable to a wide range of .substances. 

The most imjjortant ore of mangamise is pyrolusitc, MnOj. Other ores are 
braunite, Mn20,; hausmannito, MiuO,; manganite, MiijOi-HaO; albaifite, 
MnS; haurite, MnS,; dialogite, MnCOa) rhodonite, MnSiO,. 

Speigeleisen or ferromanganese is an important alloy for the steel industry. 
In addition to the reepnrement of the element in the analysis of the above sub¬ 
stances it is determined in certain paint pigments—green and violet manganous 
oxides, in dryers of oils, etc. It occurs in a number of alloys. 

‘ Van Nostrand’s Chem. Annual—Olsen. 

Chapter contributed by Wilfred W. Scott. 
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Preparation and Solution of the Sample 

In dissolving the sample the following facts will be recalled: The metal 
dissolves in dilute acids, fonning manganese salts. The oxides and hydroxides 
of manganese are soluble in hot hydrochloric acid. Manganous oxide is soluble 
in nitric or in sulphuric acid; the dioxide is insoluble in dilute or concentrated 
nitric acid, but is soluble in hot concentrated sulphuric acid. 

Ores of Manganese. A sample of powdered ore weighing 1 gram is brought 
into solution by digesting with 25 to 50 cc. of stnjiig hydrochloric acid for fifteen 
to thirty minutes on the steam bath. If much silica is present 5 to 10 cc. hydro¬ 
fluoric acid will assist solution. Five cc. of sulphuric acid are added and the 
fnixture evaporabsl and heated until fumes of sulphur trioxide are evolved. 
The residue is taken »ip with a little W'ater and wanned until the sulphates have 
dissolved. If decomposition is incomplete and a colored residue remains, this 
is filtered off, ignited in a ))latinum dish and fused with a little potassium bisul- 
phate. The fusion is dissolved in water containing a little nitric acid and the 
solution added to the bulk of the sample. 

If manganese is to be detennined volumetrically the nanoval of iron is not 
necessary. If, however, a gravimetric procedure is to be followed, iron and 
alumina are removed by the basic acetate method given under separations 
and manganese precipitated in the filtrate. In presence of small amounts of 
iron and alumina, precipitation wdth ammonia in presence of ammonium chloride 
will remove these elements without appreciable loss of manganese, a double 
precipitation being usually advisable, h'or volumetric procedures in ores con¬ 
taining over 2% manganese an ali<piot iwrtion of the sample is taken for the 
detennination. The ])ortion should not contain over 0.01 gram of manganese. 

Sulphide Ores- -i^rites, etc. The .sample is either roasted to oxidize the 
sulphide and then dissolved in hydrochloric acid as above stated or it is treated 
according to the procedure given for iron ])yrites under sulphur. 

Slags. These may be decomposed with hydrofluoric and hydrochloric acid 
with final expulsion rif these acids with sulphuric acid. Manganese is best deter¬ 
mined in the extract by a volumetric method. 

Iron Ores. 1'he treatment is the same as that recommended for ores of 
manganese. The residue remaining upon evaporation with sulphuric acid is 
dLssolved in a little water and alaiut .‘10 cc. of nitric acid (sp.gr. 1.135) added. 
Manganese is now detennined by the bismuttiate method. 

Alloys. Manganese Alloys. One gram of ferromanganese is dissolved in 
50 cc. of dilute nitric acid (sp.gr. 1.135) and oxidized with sodium bismuthate 
with boiling. The cooled solution is diluted to SIK) cc. and 10 to 25 cc. is treated 
with about 30 cc. of dilute nitric acid and manganese determined by the bis¬ 
muthate method. The amount of sample taken is governed by the manganese 
content. This should not exceed 0.01 gram of the element if the volumetric pro¬ 
cedure is to be followed. 

Manganese Bronze. Five grams of drillings are dissolved in dilute nitric 
acid (1.2), in a large beaker, using only sufficient acid to cause solution. If much 
free acid is present evaporation to small volume is necessary to expel the nitric 
acid. The concentrate is diluted to 200 cc. and hydrogen sulphide passed in to 
precipitate copper. The solution is diluted to 250 cc. and 60 cc. filtered off 
(»1 gram). The H.S gas is expelled by boiling, the solution being concentrated to 
about 16 CO. Twenty-five cc. of nitric acid are added and manganese precipitated 
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by adding potassiunx chlorate in small portions. The chlorine is boiled off and the 
precipitate filtered onto asbestos and washed with concentrated nitric acid. This 
is now determined volumetrically by treating with an excess of ferrous sulphate 
of known strength and titrating the excess with standard permanganate. 

Ferro-tita n iu m Alloy. This is best decoiniwsed by fusion with sodium carbon¬ 
ate, to which a pinch of sodium peroxide has been added. The fusion is extracted 
with water and the residue containing iron, manganese and nickel filtered onto 
asbestos. Manganese is dis.solvod in 25 to 30 cc. of nitric acid by treating with 
SOi gas or hydrogen peroxide and manganese detennined by the bismuthate 
method. 

Ferro-chromium, Metallic Chromium. These are best decomposed by fusion 
with sodium peroxide (five times the weight of sample taken), the fusion being 
made in a nickel crucible. The treatment is now the same as that recom¬ 
mended for ferro-titanium. 

Ferro-aluminum, Vanadium Alloys. The method used for steel is suitable 
to either of these substances. 

Molybdenum Alloys. The alloy is decomposed with hydrochloric acid, and 
iron separated by the basic acetate method, a large excess of acetate being used. 
Manganese is precipitated as the dioxide by means of bromine and ammonia by 
the detailed procedure given later. Manganese is di.ssolved in nitric acid after 
reduction in the acid solution by addition of a little sodium thiosulphate or SOi 
gas. It is now oxidized to pennanganate by means of red lead and detennined 
either coloriinctrically or by titration with a standard solution of sodium arsenite. 

Tungsten Alloys. These are licst decomposed by treating 1 gram of the 
substance with 6 to 10 cc. of hydrofluoric acid and a few cc. of strong nitric acid 
and digesting until the solution is complete. The hydrofluoric acid is expelled * 
by taking to dryness, a few drops of sulphuric acid having been added. The 
residue is taken up with %vater and boiled with SOj water. The solution is 
made to definite volume and manganese determined volumetrically on an aliquot 
portion. 

Silicon Alloys. One gram of the alloy is treated with .50 cc. of dilute nitric 
acid (sp.gr. 1.2) and 5 cc. of hydrofluoric acid. The graphite is filtered off and 
the hot solution treated with sodium bismuthate and kept boiling for about fifteen 
minutes after the manganese dioxide has been precipitated. The bismuthate 
method for estimating manganese is recommended. 

Iron and Steel. 0.5 to 1 gram of steel is dissolved by heating with 30 to 
.50 cc. of dilute nitric acid (1.135). The volumetric method by oxidation with 
sodium bismuthate is generally recommended, no separations of other sub.stances 
being required, as manganese may be determined directly in the sample. 

Pig Iron. One gram of the drillings is dissolved in 30 cc. of dilute nitrio>acid 
(1.135 sp.gr.), and as soon as the action has ceased the sample is filtered through a 
7-cm. filter and 'the residue washed with 30 cc. more of the acid. The filtrate 
containing the manganese is now treated according to the procedure for steel. 

* Brearly and Ibbotson state that although neither tungsten nor hydrofluoric acid 
interfere witlx the bismuthate method of determining manganese, the two oombined 
lead to erratic results, hence the removal of hydrofluoric acid is necessary. 
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SEPARATIONS 

This section includes methods of special separations of manganese from 
elements that may interfere in its determination. As is frequently the case, 
isolation of manganese is not necessary, since it may be detennined volumetri- 
cally in presence of a number of elements, which would interfere in its gravimetric 
detennination. The analyst should bo sufficiently familiar with the material 

avoid needless manipulations, which not only waste time, but frequently lead 
to inaccurate results. 

Removal of Elements of the Hydrogen Sulphide Group. This sepa¬ 
ration may be reriuired in the analysis of certain alloys where a separation of 
manganese from copiMjr is required. 

The acid solution containing about 4% of free hydrochloric acid (sp.gr. 1.2), 
is saturated with hydrogen sulphide and the sulphides filtered off. Manganese 
.passes into the filtrate. This treatment will effect a separation of manganese 
from mercury, letul, bismuth, cadmium, copper, arsenic, antimony, tin and the 
less common elements of the group. 

Separation of Manganese from the Alkaline Earths and the Alkalies. 
The separation Ls occasionally ro(juired in the analysis of clays, limestone, 
dolomite, etc. It is required in the complete analysis of ores. In the usual 
course of a complete analysis of a substance, the filtrate from the hydrogen 
sulphide group is boiled free of lIjS and is treated with a few cc. of nitric acid 
to oxidize the iron. The solution is made slightly anunoniacal with ammonia, 
in presence of ammonium chloride, whereby iron, aluminum and chromium are 
precipitated as hydnjxides. The filtrate is treated with hydrogen sulphide or 
colorless ammonium sulphide, whereby manganese, nickel, cobalt and zinc are 
thrown out as sulphides and the alkaline earths and alkalies remain in solution. 

Separation of Manganese from Nickel and Cobalt 

The free acid of the sulphate or chloride solution of the elements is neutralized 
with sodium carbonate and a slight exc(!.ss add(!d. It is now made strongly acid 
with acetic acid and 5 grams of ammonium acetate added for every gram of nickel 
and cobalt present. The solution is now diluted to about 2(X) cc. and saturated 
with hydrogen sulphide, whereby nickel and cobalt are precipitated as sulphides 
and manganese remains in solution. 


.Separation of Mansanese from Iron and Aluminum, Basic 
Acetate Method 

The procedure effects a separation of iron, aluminum, titanium, zirconium 
and vanadium from manganese, zinc, cobalt and nickel. 

The separation depends upon the fact that solutions of acetates of iron, 
aluminum, titanium, zirconium and vanadium are decomposed when heated 
and the insoluble basic acetates precipitated, whereas the aeotates of manganese, 
zinc, cobalt and nickel remain undecomposed when boiled for a short time. 


Fe(CdI,0,).-l-2H0H-2HCJI,0,+Fe(0H),CdI,0,. 
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The solvent action of the liberated acetic acid is prevented by the addition of 
sodium acetate which checks ionization of the acid. The method requires care 
and is somewhat tedious, but the results attained arc excellent. 

Procedure. To the cooled acid solution of the chlorides is added a concen¬ 
trated aqueous solution of sodium carbonate from a burette with constant stir¬ 
ring until the precipitate that forms dissolves slowly. A dilute solution of the 
carbonate is now added until a slight pennanent opalescence is obtained. With 
the weak reagent and careful addition of the carbonate drop by drop the proper 
neutralization of the free a(dd is obtained. With considerable iron presemt the 
solution appears a dark red color, fading to colorless as tlic quantity of iron 
decreases to a mere trace in the solution. Three cc. of acetic acid (sp.gr. 1.044) 
are added to di.s.solve the sligl>t pnicipitatc. The more perfect the neutralization 
before heating the less amount of rcuigent re(|uire<l for precipitating iron—an 
excess of nmgent does no hanu. If this does not clear the solution in two 
minutes, more acetic acid is added a drop at a time until the solution clears, 
allowing a minute or so for the reaction to take place with each addition. The 
solution is diluted to about .'500 cc. and heated to boiling and 0 cc. of a 30% sodium 
acetate solution added. The solution is boiled for one minute and removed 
from the flame. (Ix)nger boiling will form a gelatinous precipitate, diiTicult to 
wash and filter.) The precipitate is allowed to settle for a minute or so, then 
filtered, while the li(|uid is hot, through a rapid filter and washed with hot, 6% 
soilium acetate solution three times. The apex of the filler is punctured with a 
glass stirring rod and the pnaupitate washed into the original beaker in which 
the precipitation was made with a fine stre.am of hot, 1 : 1 hydrochloric acid 
solution from a wash bottle. (Dilute HNOj may be used in place of HC'I.) 

A second precipitation with neutralization of the a(ud ami addition of sodium 
acetate is made exactly as directed above. It is advisable to evai)oratc the solu¬ 
tion to small volume to expel most of tlie free mineral acid before addition of 
NajCOj to avoid large quantities of this rciagcnt. Tlie filtrates contain man¬ 
ganese, zinc, cobalt and nickel; the precipitate iron, aluminum, titanium, zirco¬ 
nium, vanadium. 

Materials Insoluble in Acid 

Silico-Manganese, Ferro-Chrome, Ferro-Tungsten. These alloys are best 
decomposed by fusion with sodium carbonate and magnesium oxide, in pro¬ 
portion of 2 parts NazCOj and 1 part MgO. The fused mass is broken down 
in a mortar with water, the paste transferred to a beaker and then water 
added to make the solution to about 1.50 cc. Sodium peroxide is added and 
the solution boiled. The precipitate MnOj is allowed to settle and is then 
washeil by decantation. The residue may contain impurities such as SiOj, 
etc., from which separations may be necessary. 

Manganese in Cast Iron. 1 gram of sample is treated w'ith 25 cc. of 
dilute nitric acid (1 ; 3) and when all action has ceased the solution is filtered 
and the residue washed with .30 cc. more of the acid. The filtrate is now 
examined for manganese according to the method for steel. 

The carbide in white irons will prevent the quantitative conversion of 
manganese to permanganate. Several treatments with sodium bismuthate 
may be necessary. 

Ferro-Silicon. Decompose the sample with hydrofluoric and sulphuric 
acids and evaporate to fumes. (Use platinum dish.) Take up with dilute 
nitric acid and proceed as in steels. 

Separation of Manganese as Manganese Dioxide. See page 300a. 
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GRAVIMETRIC METHODS 
Determination of Manganese as Pyrophosphate 

Manganese is prccipitat<Kl as ammonium manganese phosphate, NH 4 MnP 04 , 
and then ignited to pyrophosphate, MiiaPiOi. The method is known as Gibbs’ 
Phosphate Process.* 

Procedure. The cold solution of manganese chloride* obtained as directed 
in previous sections, should be diluted so as to contain not over 0.1 gram of 
manganese oxide e(iuivalent per 100 cc. of solution. A cold saturated solution 
of ammonium sodium phosphate (microco.smic salt, 170 grams per liter; 9 cc. 
precipitates an e(|uivalent of 0.1 gram of the oxide) is now added in slight excess. 
The solution is made strongly ammoniacal and heated to boiling, the boiling being 
continued until the precipitate becomes crystalline. After allowing to settle 
until cold, the precipitate is filh^red off (the filtrate being tested with more of the 
precipitating reagent to assure that an excess had been added), and dissolved 
in a little dilute hydrochloric or sulphuric acid. 

Reprecipitation of the phos]>hute. The free acid is neutralized with ammonia 
added in slight exce.ss until the (xlor is quite distinct, the solution heated to 
boiling, and a few cc. of additional phosphate reagent added. The crystalline 
precipitate is filtered into a weighed (iooch crucible, washed free of chlorides 
with very dilute ammonia (AgNOj+IINO, test), dried and ignited to the pyro¬ 
phosphate. The ignition is conducted, ns in case of magnesium, by heating first 
over a low flame and gradually increasing the heat to the full power of the 
burner. The final residue will appear white or a pale pink. 

MnjlV),X0.4996=MnO, 


Mn,IM)7X0..3Sf.9=Mn. 

Notbs. Zinc, nickel, copper and other elements precipitated as phosphates should 
be absent from the solution. The sc|)aration from iron is generally made by the basic 
acetate method and manganese icrccipitated from the filtrate, free of other elements, 
as the peroxide MnOs, by means of bromine added to the ammoniacal solution. Other 
oxidizing reagents may be used, as has been stated. The dioxide is dissolved in 
Strong hydrochloric acid and the above t rcciiatation effected. 

* Gibbs, C. N., 17, 195, 1868. 

* Some analysts prefer to add the phosphate reagent to the strongly ammoniacal 
solution, boiling hut. 
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Determination of Manganese as the Dioxide, MnOi 

The procedure is of special value in the complete analj'sis of ores where a basic 
acetate separation of iron and aluminum has been made, and a gravimetric esti¬ 
mation of other constituents in the solution are desired. 

The procedure dejicnds upon the principle that manganese in a dilute solu¬ 
tion of manganous salt is oxidized to manganc.se dioxide and so precipitated, 
when boiled with bromine or certain other oxidizing agents: 

MnCl,-l-nr,+211,0 =MnO,+2nCl-|-21IBr. 

The free acid fonned by the reaction must be neutralized either by ammonia 
or by the pre,sence of a salt of a weak aci<l such as sodium acetate, otherwise 
the precipitation of manganese will bo incomplete. In presence of ammonium 
.salts much of the bromine is used up reacting with ammonia, 

MnCI,+nr,+3NH,+2ir,0=Mn0,+2XH.Cl+NH.Br+HBr. 

At the same time an acid is formed, which reacts with the free ammonia. It 
is necessary to have the solution ammoniaeal throughout the reaction to pre¬ 
vent resolution of tlie mangane.se. 

Procedure. To the solution containing manganese is added 4 to 5 grams of 
sodium acetate (unlc.ss alre.ady present in excess), the solution being diluted 
to about 200 cc. Bromine water is added until a distinct color of bromine is 
evident. The mixture is boiled and kept boiling for ten to fifteen minutes, 
additional bromine being added in small portions. The precipitate is allowed 
to settle and filtered off. The filtrate is boiled with additional bromine to 
ascertain whether the manganese has been completely removed from the solution. 

If ammonia is present, as is fre(iuently the ease, it is advi.sal)Ie to add more 
of the reagent from time to time, the solution having a distinct odor of ammonia 
after the last portion of bromine has been added. When large amounts of 
manganese are present, several separations may bis required to remove the clement 
from the subsequent filtrates. 

'I’lie precipitated dioxide may be dissolved in .sulphuric acid and manganese 
determined voluiinttrically or gravuuetrically. 

It may be ignited directly and weighed as MnjO,. 

It may be evafwrated with sulphuric acid and manganese determined as 
MnSO,. 

Manganates of zinc or calcium will be i)rccii)itated if present in large amounts. 

Manganese may also be precipitated by ammonium )>crsuIi>hato in an ammoniaeal 
solution, potassium chlorate and chloride of lime in presence of zinc chloride in a 
neutral solution.* 

' .J. Pattinson’s Method, Jour. Chem. Soc., 35, 365, 1899. 
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VOLUMETRIC METHODS 
Volhard’s Method for Manganese ^ 

The method is based on the principle that when potassium pennanganate is 
added to a neutral manganese salt all of the manganese is oxidized and pre¬ 
cipitated. When this stage is reached any excess of permanganate is imme¬ 
diately evident by the color produced. The calculation of results may be based 
on the reaction, 

3MnS04-|-2KMn04+2IL0 = 5Mn04-bK,S04-l-2H,S04, 
or 

5ZnS04-f-6MnS04+4KMn0.-l-141L0=4KH.S04-f-7H4S04-|-5ZnH,-2Mn04, 

the ratio in either case being 2KMn04=3Mr. 

Procedure. The material dccomiaxsod with hydrochloric and nitric acid 
and taken to fumes with sulphuric acid, as stated for th6 preparation of the 
sample, is cooled and boiled with 2a a;, of water until the anhydrous ferric 
sulphate has dissolved and continue as follows: Transfer the mixture to a 500-cc. 
graduated flask and add an emulsion of zinc oxide in slight excess to precipitate 
the iron (C.P. ZnS()4 precipitated by KOI! added to slight alkalinity. The 
washed precipitate is kept in a stopiwred bottle with sufficient water to form 
an emulsion). 

Agitate the fla.sk to facilitate the precipitation and see that a slight excess of 
zinc oxide remains when the reaction is complete. Now dilute the contents of 
the flask up to the nmrk with cold water, mix thoroughly and allow to stand a 
short time and partially settle. Hy means of a graduated pipette draw off 
100 cc. of the clear suiMjrnatant litiuid and transbir it to an 8-oz. flask. While 
the precipitate in the 5(K)-cc. flask may appear large, it actually occupies but a 
very small siwce, and any error caus(!d l>y it may consequently bo neglected. 
Likewise the error in meiusuroment duo to change of temperature during the 
manipulation is insignificant. II eat the solution in the small flask to boiling, 
add two or three drops of nitric acid (which cau.scs the subsequent precipitate 
to settle more quickly) and titrate with a standard solution of potassium per¬ 
manganate. The ixinnanganate causes a precipitate which clouds the liquid 
and it is therefore necessary to titrate cautiously and agitato the flask after 
each addition, and then allow the preciiiitate to settle sufficiently to observe 
whether or not the solution is colored pink. A little experience will enable 
one to judge by the volume of the precipitate formed, about how rapidly to 
run in the )>crmanganato. The final pink tinge, indicating the end of the reac¬ 
tion, is best observed by holding the flask against a white background and 
observing the upper edges of the liquid. When this point is attained, bring the 
contents of the flask nearly to a boil once more and again observe if the pink 
tint still persists, adding more permanganate if neces.sarj'. In making this end- 
test avoid actually boiling the liquid, as a continual destruction of the color may 
sometimes thus be effected and the true end-point considerably passed. When 
the color thus remains permanent the ojieration is ended. Observe the number 
of cc. of permanganate solution used and calculate the result. 

It is customary to use the same permanganate solution for both iron and man¬ 
ganese. Having determined the factor for iron, this may be multiplied by 0.2952 
to obtain the factor for manganese. It will be observed that 2KMn04 are required 
for 3Mn, and in the reaction for iron that 2KMn04 are required for lOFe. 

> Applicable for high grade ores. 
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VOLUMETRIC DETERMINATION OF MANGANESE 
Bismuthate Method 

The determination of manganese by the bismuthate method is generally 
conceded to be the most accurate analytical procedure for determination of 
this element in iron and steel. It 
is simple and rapid, and generally 
can be accomplished without a pre¬ 
vious separation being necessary. 

The principle of the process dei>ends 
upon the fact that under certain 
conditions bivalent manganese can 
be quantitatively oxidized to per¬ 
manganic acid by sodium bismuth¬ 
ate. This permanganic acid can 
now be titrated by a standard re¬ 
ducing agent such ns .sodium thio¬ 
sulphate or ars(!nous acid, or fer- 
orus sulphate. 

The application of the bismuth¬ 
ate method to the determination of 
large amounts of manganese has 
been made by T. R. Cunningham 
and R. W. Coltman (Ind. and Eng, 

Chem., 16, r)8, Jan., 1924). They recommend the following procedures: 

Determination of Manganese in Manganese Ores 

Descriptions of the apjdication of the bismuthate method to the determi¬ 
nation of manganese in manganese ores, ferro-manganese, and manganese 
metal are given in the following paragraphs. The adaptation of the method 
to other products high in manganese is easily made after the operator becomes 
familiar with the conditions necessary. 

Reagents Required. (1) Concentrated nitric acid (specific gravity 1.42), 
freed from nitrous oxide by pa.ssing air through the solution for half an hour. 
If air from a compressor is used, it must be freed from oil and dust. 

(2) Nitric acid of specific gravity 1.135, made by adding 500 cc. of the 
above acid to 1.300 ce. of water. 

_ (3) Dilute nitric for washing, prepared by adding 30 cc. of the concentrated 
acid described above to 1 liter of water. , 

(4) Sodium bismuthate. This reagent generally contains approximately 
80% of NaBiOj. If there is any doul)t as to its oxidizing power, it may be 
tested as follows: 

One-half gram is shaken up with 4 grams of potassium iodide and a little 
water in a stoppered flask. Fifteen cubic centimeters of hydrochloric acid 
(specific gravity 1.20) are added and the solution is allowed to stand in the 
dark, with occasional shaking, until the bismuthate has entirely decomposed. 
The solution is diluted to 300 cc. and titrated with 0.1 N sodium thiosulphate, 
starch being used as indicator. 

1 cc. of 0.1 N Na2S20t= 0.0140 gram NaBiOt. 
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(5) Ammonium persulphate (C. P.). 

(6) Ferrous ammonium sulphate. 

(7) Hydrogen peroxide (3%). 

(8) Sulphurous acid. Afreshlypreparedsolutionofsulphurdioxideln water. 

(9) Standardized 0.1 N potassium permanganate. 

Solution of the Ore. Grind the sample to pa.ss 100 mesh and dry at 120* 
C. for 1 hour. Dissolve 2.0000 grams (±0.0002 gram) by boiling with about 
40 cc. of nitric acid (1 ; 1) in a 400-cc. beaker covered with a clock glass, 
adding hydrogen peroxide in small portions until the violent evolution of 
oxygen is over and no black particles of ore remain. Rinse the clock glass 
and sides of the beaker with hot water, and add bismuthatc in small (about 
0.05 gram) portions, until a permanent precipitate of manganese dioxide 
forms. Any organic matter is thus destroyed and the excess of hydrogen 
peroxide removed. Boil for 2 or 3 minutes, and then add sulphurous acid 
drop by drop until the solution clears. Boil the solution for 5 minutes, and 
filter it into a .lOO-cc. volumetric flask. Wash the siliceous residue well with 
water and ignite it in platinum. Treat the residue with several drops of 
sulphuric acid (specific gravity 1.84) and sufficient hydrofluoric acid to dissolve 
the silica, and evaporate the solution until it fumes. Dissolve the residue in 
water and add to the solution in the flask. Bring the solution to a temperature 
of about 20° C. and make it up to the mark with water at this temperature. 

With artificial manganese dioxide, where the weight of insoluble residue is 
insignificant, or in case the residue from an ore is flocculcnt and not sandy, 
the treatment with hydrofluoric and sulphuric aciils may be omitted and the 
ore solution rinsed directly into the flask. Any barium in the ore will precipi¬ 
tate when the sulphuric acid solution of the residue is added to the main solution, 
but the barium sulphate does nut interfere with the subsequent operations. 

Trial Determination. As it is desirable that the back titration with 
permanganate be not too great (say, from 10 to 20 cc.), it is best, when ores 
of unknown manganese content are being analyzed, to make a rough pre¬ 
liminary determinatiun of the amount of manganese present, so that the 
amount of ferrous salt added may not be excessive. For this purpose transfer 
25.0 cc. of the well-mixed solution with a pipet to a 300-cc. Erlenineyer flask 
and add 12 cc. of nitric acid (siiecific gravity 1.42) and about 13 cc. of water. 
Cool this solution, add 1.7 grams of bismuthatc, agitate the mixture for 1 
minute, dilute with 50 cc. of water, and filter through asbestos, washing the 
residue with dilute (3%) nitric acid. Add 2.5 grams (weighed) of the solid 
ferrous ammonium sulphate to the filtrate and titrate back with the 0.1 N 
permanganate. Calculate in the usual manner the weight of manganese 
present in the 25-cc. portion. As 100 cc. will be used in the actual determina¬ 
tion, multiply the result by 4, and calculate approximately the amount of 
bismuthatc necessary (26 grams for 1 gram for manganese) and also a weight 
of ferrous sulphate that will give from 10 to 20 cc. in the back titration. The 
bismuthate is weighed out roughly, and the necessary ferrous sulphate weighed 
out to within half a milligram just preceding the titration. 

Final Determination. Transfer two 100-cc. aliquot portions with a pipet 
to 750-cc. Erlenmeyer flasks and add 50 cc. concentrated nitric acid and M cc. 
of water to each. (Total volume, 200 cc.) Cool the solutions (with ice, if 
possible) and add the calculated amount of bismuthate all at once. Agitate 
the cotUente of the flask briskly for 1 mintUe, add 200 cc. of cold water, and filter 
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through asbestos, washing the residue with dilute nitric acid (solution No. 3) 
until the washings do not show the slightest trace of pink. 

Place the weighed ferrous salt in a liter beaker and add the contents of 
the suction flask to it. Stir thoroughly until the jjermanganic acid has been 
decolorized and all the salt dissolved. Titrate at once with the standardized 
0.1 N potassium permanganate to faint pink color. 

Typical Analysis. Two grams of ore were dissolved and made up to 
600 cc.; two 100-cc. aliquot portions were oxidized and 9 grams of ferrous 
salt added to reduce the permanganic acid formed. 

Manganese in Manganese Orb 

Aliquot 
No. 1 

Back titration, cc. 20.1 

E<iuivalcnt of ferrous salt, ec . 22S.6 

Difference, cc. 208..5 

Weight of mangnne.se, gram. 0.2291 

Percentage of manganese. 57.26 

Analysis of Ferromanganese 

The weight of sample used is governed by the manganese content; for 
80% ferromanganese from 0.25 to 0.30 gram may be used. As there is no 
difficulty in obtaining a uniform sample, it is preferable to weigh out individual 
portions of the lOO-mesh sample for the determination, instead of using an 
aliquot part of a large sample. The following procedure as regards the 
quantity of acid and final volume presupposes the presence of about 0.2 gram 
of manganese. 

When working with high-carbon ferromanganese, dissolve the sample in 
60 cc. of nitric acid (sj)ocific gravity 1.42) and boil in a flask or covered beaker 
until nitrous fumes cea.se to be evolved. If the sample contains over 1% 
chromium, it is nece.ssary to dilute the solution with an equal volume of water, 
filter, ignite the residue, and fuse it with a little sodium carbonate, dissolving 
the melt in the least possible quantity of nitric acid and adding it to the 
main solution. 

Oxidize the carbon present by adding ammonium persulfate, a little at a 
time, until a total of from 2 to 2.5 grams has been introduced. Boil the 
solution about 10 minutes, and then add small amounts of bismuthate to the 
boiling liquid, until a precipitate of manganese dioxide has formed. Dissolve 
the precipitate by the addition of sulphurous acid, drop by drop, adding an 
excess of 1 cc. after the precipitate has dissolved to reduce any chromiuin to 
the trivalent form. After having boiled the solution for 5 minutes, bring it 
to a volume of 200 cc., and cool with ice. This cooling is essential in order 
that any chromium may not interfere, as it would be oxidized by the bismuthate 
if the solution were at elevated temperatures. The manganese is then oxidized 
with bismuthate and determined as described under “ Analysis of Manganese 
Ore.” 

The following data are from typical determinations on a sample of standard 
high-carbon ferromanganese: 


Aliquot 
No. 2 
20.2 
228.6 
208.4 
0.2290 
67.24 
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Manganese in Ferromanganese 

KMnOi 0.1 N 


Weight of 

Ferrous 

Equivalent of 

Back 

KMnOi 


Sample 

Salt 

Ferrous Salt 

Titration 

Consumed 

Per Cent 

G. 

G. 

Cc. 

Cc. 

Cc. 

Manganese 

0.2600 

7.5 

191.3 

13.4 

177.9 • 

78.16 

0.2500 

7.5 

191.3 

13.4 

177.9 

78.16 

0.3000 

9.0 

229.2 

1.5.7 

213.5 

78.19 


Low-oarbon ferromariRanese is dissolved directly in nitric acid of 1.135 
specific gravity (about 1 cc. for every milligram of manganese present). After 
preliminary oxidation and reduction of the solution, it is made up to the 
original volume with nitric acid (specific gravity 1.135) and cooled as a pre¬ 
liminary to the oxidation and determination of the manganese. 

Analysis of Manganese Metal 

Dissolve 0.2500 gram in 2.50 cc. of nitric acid (specific gravity 1.135) in a 
750-cc. EJrlenmcyer flask provided with a cut-off funnel or some similar device 
to prevent loss by spraying, and make a preliminary oxidation with bismuthate, 
subsequently reducing with sulphurous acid. If the carbon is high (4%), 
oxidation with ammonium persul phate should precede the bismuthate oxidation. 
Dilute the solution to a volume of 250 cc. by adding nitric acid (specific 
gravity 1.135), cool with ice, and finish the determination as previously 
outlined. About 6.5 grams of sodium bismuthate are necessary for the oxida¬ 
tion and 9 grams of ferrous salt will reduce the permanganic acid resulting 
from a 0.2500-gram .sample of 95% manganese metal. 


Tahi.b X —Manganese in Manganese Metal 



Weight of 
Sample 

Ferrous 

Salt 

KMiiO, 
.E<iuivnlent of 
Ferrous Salt 

Back 

Titration 

0.1 N 
KMnOi 
Consumed 

Per Cent 

No. 

G. 

G. 

Cc. 

Cc. 

Cc. 

Manganese 

1 

0.2000 

8.000 

203.8 

28.5 

175.3 

96.29 

2 

0.2500 

9.000 

229.2 

10.0 

219.2 

96.32 

3 

0.2500 

9.000 

229.2 

10.2 

219.0 

96.24 


Notes. The conditions necoasary for securing complete oxidation of large quantities 
of manganese and for proventing the permanganic acid from undergoing any appreciable 
decomposition during the subsequent filtration arc summarized below. 

Concentration of Nitric Acid. The manganese should lx; present in a solution 
containing from 11% (specific gravity 1.062) to 22% (specific gravity 1.135) by weight 
of nitric acid. If the concentration of nitric acid falls much below 11%, the oxidation 
of the manganese will not be complete unless the time of shaking be increased to more 
than 1 minute. 

Concentration of Manganese. A solution of permanganic acid containing about 
0.05 gram of manf^ncso per 100 cc. has the maximum stability, but the weight of 
manganese can be increased to 0.1 gram in 100 cc. without danwr of any material 
decomposition occurring during the time required for filtering on the excess of bi»> 
muthate. When the concentration of man^ncse rises much above 0.10 gram per 
100 cc., the rate of decomposition of the permanganic acid is unduly rapid. 

Amount of Sodium Bismuthate Necessary. Approximately 26 grams of sodium 
bismuthate (79 per cent NaBiOi) must bo mied for 1 gram of manganese. 

Time of Oxidation. Shaking for 1 minute is sufficient to insure complete oxidation 
of the manmnesc to permanganic acid provided the foregoing conditions arc adhered to. 

Chlorid^ should be removed by taking the solution to fumes with H1SO4. The 
residue is dissolved in a small amount of water and the solution is evaporate to fumes 
a second time to insure the removal of every trace of chloride. 
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The only oqmmon metals th&t seriously interfere with the determination are cerium, 
cobalt, and t^xivalcnt chromium. A method for the determination of cerium outlined 
by Metzger is exactly the same in principle as the bismuthatc method for manganese. 
Any cerium present must therefore be separated ns oxalate in acid solution, and the 
oxalic acid in the filtrate destroyed by evaporation with sulphuric and nitric aci^ as a 
preliminary to the determination of manganese. 

The pink color nrodiii^ by large amounts of cobalt interferes with the titration 
of permanganic acid. This can Ix! overcome by separating the manganese from the 
bulk of the lobnlt by precipitating it with sodium or potassium chlorate. 

While trivaicnt chromium is in hot solution oxidized to the scxivalent state by 
bismuthatc and by pcrnianganic acid, the error caused by small amounts of trivaicnt 
chromium is not appreciable provided the solution is kept cold (10* C.), and is oxidized, 
filtered, and titrated as rapidly as possible. When more than a small percentage of 
chromium is present, it should lie separated from the manganese by one of the several 
methods that have tiecn propored. Precipitation of the manganese from a nitric acid 
solution with sodium or potmisium chlorate with subsequent filtration docs not effect 
complete removal of chromium, but is u.seful in some ca.scs. Fusion with sodium 
peroxide followed by filtration will give a complete separation, manganese remaining 
m the residue as oxide and chromium passing into the filtrate as sodium chromate. 
Watters precipitates chromium and ferric iron with zinc oxide and determines manganese 
in the filtrate, while Cain precipitates chromium and vanadium from a ferrous solution 
with cadmium carlionatc and analyzes the filtrate for manganese. Scxivalent chromium 
interferes with the determination of manganese by the bismuthatc method and must 
be reduced to the trivaicnt condition prior to the final oxidation with bismuthatc. 

Although any vanadium present is rcducijd by the ferrous sulphate added during the 
determination, it is re-oxidized by an equivalent amount of permanganic acid during 
the back titration, the manganese titration as a con.sequencc being unaffected. 

Provided accurate vojuiuetric apparatus is available, it is usually preferable to 
make the manganese solution up to a definite volume and to work on an aliquot portion. 
The solution should always l)e given a preliminary oxidation with bismuthate before 
being made up to volume. Bismuthatc is added to the hot solution in small portions 
until mnngane.se dioxide precipitates, the liquid is iMiilcd for 5 minutes, and then sulphurous 
acid is added drop by drop until the precipitate has dis.solved. Sexivalent chromium 
should be reduced by SOj to trivaicnt form. The concentration of nitric acid to I.IM 
sp.gr. and manganese to 0,0001 gram |)cr cc. are requirctl for bc.st results. 

Determination of Permanganic Acid 

Ferrous ammonium sulphate is used to reduce the iicrmangnnic acid formed. It is 
^ded in plid form, weighed to ±0..'> mg., just before the cletermination is started. 
This salt is preferable to ferrous sulphate, as it goes into solution more readily. The 
manganese value of the ferrous salt must lie known, and for this purpose 5.0000 ^ms 
(±0.5 mg.) are titrated with the standard permanganate used. This titration should 
be made in sulphuric acid solution. If the salt is kept in a well-corked bottle, the 
standard will suffer practically no change, and having once Ixs'n well mixed and stand¬ 
ardized may be used indefinitely. If preferred, a 0.1 N solution of ferrous ammonium 
sulphate may be used instead of the solid salt. 

The excess of ferrous salt is now titrated with a standardized solution of potassium 
pemanganate, preferably of about 0.1 N strength. The permanganate may be stand- 
ardiwd against Bureau of Standards sodium oxalate, according to McBride’s re^m- 
mendations, by means of pure manganous o.xalate as hereinafter descrilied, or against 
pure anhydrous manganous sulphate. (Iwing to the difficulty of priuiaring the latter 
salt so that it is of theoretical composition, the first two methods of standardization 
^ preferable. After the normality of the solution against sodium oxalate has been 
determined, the theoretical factor—viz., 1 cc. 0.1 N KMnOi=0.001099 gram of man¬ 
ganese—may be used. 
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Correlation of Value of Permanganate Used for Titration with 
an Absolute Standard 

In order to determine the value of the permanganate in terms of manganese, 
manjmnous sulphate prepared in the following manner may be used; 

Potassium permanganate (the ordinary C. P. product) was reduced in the presence 
of sulphuric acid with a little less than the calculated amount of oxalic acid, and the 
manganese dioxide formed is filtered off and discarded. The solution of manganese 
sulphate is treated with ammonium earlxmate and the resulting manganese carbonate 
filtered and washed free from sulphates by decantation. This precipitate is added to 
a boiling solution of oxalic acid, and the manganous oxalate formed hltered and washed 
free from acid with distilled water. This product is converted to the sulphate by 
beating to comstant weight at 480” to 520° C., with an excess of sulphuric acid. An 
accurately weighed amount of the pure manganous sulphate (2.7536 grams of MnS 04 , 
equivalent to 1.0018 grams of manganese) is di.s8olved and made up to 1 liter with 
nitric acid (specific gravity 1.1.35). One hundred and 200-oc. portions of this solution 
are oxidized with sodium bisimithate, filtered, and reduced by addition of accurately 
weighed amounts of ferrous ammonium sulphate, the exceas of which is determined 
^ means of 0.1 N permanganate that had Ixsen .standardized against sodium oxalate, 
^e relation between the ferrous ammonium sulphate and the permanganate is carefully 
determined. The results that are obtained, confirm Blum’s statement that either 
manganous sulphate or sodium opiate may lie used as the primary standard for the 
bismuthate method, or expressed in another form, that the manganese is quantitatively 
oxidized to the heptavalent state. 
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Ammonium Persulphate Method for Determining Small Amounts 
of Manganese by Colorimetric Comparison or by Titration 

The process depends upon tlie oxidation of niau);anous salts to perman- 
);anate by anuuoniuin persulphate in presence of a catalytic agent such as silver 
nitrate; 

2 Mn(NO,),+ 5 (NH 4 )A(),+SII.O=r.(Xll,),SO.+ 5 H,SO,+ 4 HNO, 4 - 2 HMn 04 . 

The reaction takes place e<iually well in sulphuric or in nitric acid solution, 
or in a mixture of the two. The essential jwint is the presence of a sufficient 
amount of silver nitrate catalyst. 

Procedure. _()no gram of ore is dissolved in hydrochloric acid, followed by 
sulphuric and taken to fumes as directed under Preparation and Kolution of the 
Sample. The sulphate taken up with water is made to a volume of 100 cc. If 
the color comparison is to be made the solution should be filtered through a 
dry filter, otherwise the filtration may bo omitted. Twenty cc. (e(|ual to 0.2 
gram) of the material is taken for the test. In the case of steel, 0.1 to 0.2 gram 
of the drilling, dissolved in dilute nitric a(;id, is taken. 

Oxidation. The solution is transferred to a test-tube, 1X10 ins., if the 
color comparison is to be nuule, or into a bW-cc. ICrlenmeyer flask, if the sample 
Ls to be titrated. Fiftt^cn cc. of silver nitrate solution (1..'} grams AgNOi per 
liter of water), are added; the solution lusatcd to 80 to 00° C. by placing the 
receptacle in hot water, and tlicui 1 gram of ammonium persulphate added. When 
the color commences to develop tlie sample is cooled in cold water, while the 
evolution of oxygen continues. The sample is poured into the comparison tube 
and the color companxl with that obtained from an ore or st(!el sample of known 
mangan(;se content, run in the s:une way. 

In the titration inetlnKl the solution in the Erlenmeycr flask is diluted to 
about 100 cc., 10 cc. of 0.2% ssilt solution added, and the sample titrated with 
standard sodium arsenite until the permanganate color is destroyed. The cc. 
of the reagent used multiplied by the factor per cc. in terms of manganese 
ecpials weight of manganese in the sample titrated. 

Notb. Arsenious acid reagent is made by dissolving 10 grams of arsenious oxide 
in water containing ;i0 grams of sodium <'arbonale. 'I'ho solution is diluted to I liter. 
125 ec. of this solution arc diluted to 2000 ee. This latter reagent is stamlardizcd against 
an ore or sample of sl<!el of known manganese content, following the directions given 
under the procedure outlined. 

Oxidation of Manganese to Permanganate by Red Lead 

Red lead oxidizes manganese in nitric acid solution to permanganate. .The 
methorl is suitable for determining this element in steel and iron in presence 
of molybdenum, aluminum, tungsten, eopper and nickel, in amounts such as 
are apt to bo present. The method is given in the chapter on Iron in the 
Analysis of Iron and Steel. 

V, Cr interfere, but may be removed by precipitation with ZnO emubion. 
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Ford-Williams Method for Manganese 

In this method manganese dioxide is precipitated by potassium chlorate 
from a nitric acid solution. Chlorine dioxide gas that is formed by the reaction 
is boiled off, the manganese dioxide is dissolved by an excess of ferrous sulphate 
or oxalic acid and the excess of the reducing agent is titrated with standard 
potassium permanganate. 

Reagents 

0.03 N solutions of potassium permanganate, ferrous sulphate (or oxalic 
acid or sodium oxalate). Sec manganese in steel for preparation of reagents, 
chapter on Iron. 

Procedure 

A sample of about 3 grams of steel is dissolved in 60 cc. of dilute nitric 
acid (9 d. 1.2). (For ores see Prep, and Sol. Sample.) The solution is evapo¬ 
rated to about 50 cc. and 50 cc. concentrated nitric acid added and about 
3 grams of potassium chlorate. The solution is boiled for about 15 minutes 
and the flask removed from the source of heat. (KClOs added to boiling 
HNOj will cause an explosion.) 50 cc. more of nitric acid (d. 1.42) are added 
and 3 grams of KClOa and the solution again boiled. After cooling under 
water of a tap, the precipitated MnOj is filbired onto asbestos (an asbestos 
mat over a plug of glass wool iti a funnel), and is washed with concentrated 
nitric acid until free from iron and then with water until free from acid. 

The precipitate is now placed in a flask, together with the asbestos, 50 cc. 
of the standard ferrous sulphate are added and the solution diluted to about 
200 cc. The mixture is shaken to dis.solvc the MnOo and the excess of 0.03 N 
ferrous solution is titrated with 0.03 N potassium permanganate. 

Calculation. If the ]M>rmangnnutc is standardized against sodium oxalate, 
the oxalate equivalent of 1 cc. of the permanganate solution multiplied by 
0.4099 will give the equivalent manganese per cc., i.e., 

Mn + Nni!Cj04= 54.03+134.0 = 0.4099. 

Notb. The nitric acid must 1^ free from nitrous acid as this reduces MnOj. 

The permanganate equivalent is 5/3 of the permanganate equivalent of the Volhard’a 
method, in which the valence of manguneso is reduced from 7 to 4. Hero the v^enoe 
ia reduced to 2. 
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ANALYSIS OF SPIEGEL IRON FOR MANGANESE* 

Procedure. Weigh 0.5 gnun of the sample in a 250-cc. beaker, add 40 cc. 
dilute HNOj (1-2), cover with a watch-crystal, heat over Bunsen burner and 
finally ex])el nitrous fumes by boiling down to a small volume (5 cc.). Wash 
into a 500-cc. grndu.ated flask, fill about half full, neutralize with an emulsion of 
zinc oxide, adding enough to precipitate the iron and a sUaht exce.ss. Dilute to 
the mark, shake well, pour into a fiOO-ci;. beaker and mix by (Kuiriug back into the 
flask and then into beaker. Allow the precipitate to settles decant off two 100-cc. 
portions of clear solution into 350-cc. ctisserolcs. Add 100 cc. water, heat to 
boiling and titrate with standard KMnO,, stirring thoroughly with heavy ghiss 
rod. Run in about 1 cc. at a time until the cnd-i)oint Ls pa.s.scd. Titrate the 
.second portion, running it up to within 1 cc. of the cnd-ix)int, and tinishing a drop 
or two at a time, stirring thoroughly between each addition. The burette 
reading gives percentage of Mn directly. 

Permanganate. Dissolve 23.2.1 KMnO« per 12 liters of water. 

Standardization. Weigh .15 gram C.l’. sodium o.xaluU; (Bureau of Standards) into 
a 400-C(!. beaker. Dissolve in 2()0 to 250 ec. hot water (80 to 90°), luld 10 cc. (1 : 1) 
sulphuric acid. Titrate at once with KMnOj. 

When .15 gram .sodium oxidate is taken, it .should coiLsume 30.87 cc. KMnD4. 

DETERMINATION OF MANGANESE IN ORES, OXALIC 
ACID METHOD 2 

Half a gram of ore is dissolved in 10 cc. IKM; if sulphides are present 5 cc. 
HNOj are added and the sample heated to effect solution. 5 cc. IlaSO, are 
added and the solution evaporated to near dryness to expel the large excess of 
acid. 1(X) cc. of water arc added and the solution heated to boiling and allowed 
to stand until all ferric sulphate (anhydrous) has dis,solved. 

Zinc oxide, either as a powder or suspended emulsion, is added t<: com¬ 
pletely precipitate the iron and then a slight excess, some oxide remaining 
undissolved. The precipitate is filtered off and washed with hot water 10 
times. The filtrate contains the manganese. 

3-4 grams of sodiunt acetate (or 5 cc. saturated .solution) to neutralize the 
acid formed by the subsequent treatment are added, and then an exce.s8 of 
bromine water (saturaterl solution) and the .solution boiled several minutes, 
adding more bromine if necessary. Bromine vapor should be evident on 
boiling. MnOi precipitates. After .settling slightly it is filtered off and washed 
10 times with hot water. (If load is present in the ore it should be removed by 
adding K2Crs07 sol. during the zinc oxide treatment to remove iron, otherwise 
lead would precipitate with Mn02 and give high results.) 

The filter with the precipitate is placed in a beaker with an excess of stand¬ 
ard oxalic acid (1 cc. N/10 = 0.0063025 g-Hjf •204-2Hj0 or 0.(H)27465 g-Mn) 
50 cc. dilute H2SO4 (1 : 10) are added, the solution heated to boiling (adding 
more oxalic if any Mn02 remains). The solution is diluted to 200 cc. with 
hot water and the excess of oxalic acid titrated with standard KMnO, (N/10). 
The cc. oxalic acid minus cc. KMnOi gives cc. oxalic acid used by MnOf. 
Each CO. N/10 reagent = 0.0027465 g- Mn. 

* Procedure communicated to the author by Dr. Breyer. 

• Method of A. H. Low modified by W. W. Scott. 
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Hgi at,wt, 200.61 { ip.gr. 1.1.505;' m.p.—38.9°;‘ b.p. 357.33° C; ■ oxides, 

Hg.O, HgO. 

DETECTION 

Metallic mercury is recognized by its physical properties. It is the only 
metal which is a liquid at ordinary temperatures. The element forms a eonvex 
surface when placed on gloss. 

Mercury in the mercurous form is precipitated by hydrochloric acid as white 
mercurous chloride, HgCl. This compound is changed by ammonium hydroxide 
to the black precipitate of metallic mercury and nitrogen dihydrogen mercuric 
chloride. 

Mercury in the mercuric form is not precipitated by hydrochloric acid. The 
sulphide of the element is thrown out from on acid solution as black HgS. 
The precipitate first appears white, changing to orange-yellow, then brown 
and finally to black, as the IltS gas is passed into the solution. The element 
is distinguished from the other members of the group by the insolubility oi 
its sulphide in yellow ammonium sulphide and in dilute nitric acid. 

If the mercury sulphide is dissolved in aqua regia, the nitric acid expelled 
by taking to dryness, then adding hydrochloric acid and evaporating again to 
dryne.S8, the residue taken up with a little hydrochloric acid, diluted with water, 
and treated with a solution of stannous chloride, a white precipitate of mer¬ 
curous chloride is first formed, which is further reduced to metallic mercury by 
an excess of the reagent. 


ESTIMATION 

The metal is found free in the upper portions of cinnabar deposits. As 
an amalgam with silver it occurs in horn silver. Cinnabar, lIgS, is the only ore 
of mercury of commercial importance. The clement luis been found in quartz, 
sandstone, schists, iron pyrites, bituminous substances, eruptive and sedimentary 
rocks of all ages. It occurs in sulphide ores of other metals—especially in zinc 
ores. 

Preparation and Solution of the Sample 

It will be recalled that nitric acid is the best solvent fur the metal and its 
amalgams. The oxides are insoluble in alkalies. Mercuric oxide is dissolved 
by acids. Hydrochloric acid fonns mercurous chloride with the lower oxide, 
insoluble in dilute hydrochloric acid. 

>Van Nostrand’s Chem. Annual—Olsen. 

•Circular 35 (2d ^.) U. S. Bureau of Standards. 

Chapter contributed by Wilfred W. Scott. 
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Ores. If mercury is to be determined by the dry procedure, the finely 
ground sample may be mixed directly with the flux and determined as directed 
later. 

For opening up the ore for the volumetric method by Seamon see method 
at close of the chapter, page 312. 

For decomposition of ores see also thiocyanate method, page 312a. 

SEPARATIONS 

Separation of Mercury from the Iron and Zinc Groups, or from the 
Alkaline Earths and the Alkalies. Mercury is precipitated a.s a sulphide 
from an acid solution of the mercuric salt by hydrogen sulphide, together with the 
members of tlie hydrogen sulphide group. Sufficient acid sliould be present 
to prevent the preeijutation of zinc sulphide. Iron, aluminum, chromium, 
manganese, cobalt, nickel, zinc, tlie alkaline earths and the alkalies remain in 
solution. 

Separation of Mercury from Arsenic, Antimony, and Tin. The sul¬ 
phides obtained by passing hydrogen sulphide into an acid solution, preferably 
of the chlorides, are digested with yellow ammonium sulphale solution. Arsenic, 
antimony and tin dis.solve, whereas mercury sulphide remains insoluble. Sul¬ 
phides of the fixed alkalies dissolve mercury as well as arsenic, antimony and tin, 
so cannot be used in effecting a separation. 

Separation from Lead, Bismuth, Copper and Cadmium. These elements 
remain with mercury upon removal of arsenic, antimony and tin as their sul¬ 
phides are insoluble in ammonium sulphide. (('uS slightly soluble.) The pre¬ 
cipitated sulphides are transferred to a porcelain dish and boiled with dilute 
nitric acid, sp.gr. 1.2 to 1.3. After diluting slightly with water the solution is 
filtered and the residue of mercuric sut|diide washed with dilute nitric acid and 
finally with water. If much lead is jjresent in the solution it is apt to contami¬ 
nate the residue by a portion being oxidized to lead sulphate and remaining insol¬ 
uble. In this ciuse the residue is treated with aejua regia, the solution diluted and 
mercury chloride filtered from PbS 04 and free sulphur. Mercury is best deter¬ 
mined as HgS by the ammonium sulphide method described later. Traces of 
lead do not interfere, as lead is cotnpletely removed by remaining insoluble in 
potassium hydroxide, w’hereas mercury sulphide dissolvtsj. See method. 

Separation from Selenium and Tellurium. The mercury selenide or telluride 
is dissolved in aqua regia, chlorine water added and the solution diluted to 
600 to 800 cc., phosphorous acid is added and the solution allowed to stand for 
some time; mercurous chloride is preedpitated, selenium and tellurium remain¬ 
ing in solution. Selenium and tellurium will precipitate in hot concentrated 
solutions when treated with phosphorous acid, but not in dilute hydrochloric 
acid solutions. 

Mercury in Organic Substances. The material is decomposed by heating 
in a closed tube with concentrated nitric acid, or by heating with 10 % H 28 O 4 
and sufficient (NHjIjSjOi, added in small portions until the organic matter is 
decomposed. 
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GRAVIMETRIC METHODS 

Determination of Mercury by Precipitation with Ammo« 
nium Sulphide 

The following method, suggested by Volhard, is generally applicable for 
determination of mercury. The element is precipitated by ammonium sul¬ 
phide as HgiS. The precipitate dissolved in caustic is again thrown out by addi¬ 
tion of ammonium nitrate to the sulpho salt solution of mercury. 

IIg(.SNa),+2NH.NX),=2NaNO,+(Nn.),S-|-HgS. 


Procedure. The acid solution of the mercuric salt is nearly neutralized by 
sodium carbonate, and is then heated with a slight excess of ammonium sulphide 
..— reagent, freshly prepared. Sodium hydroxide solu¬ 

tion is added until the dark-colored liquid begins to 
lighten. The solution is now heated to boiling and 
more sodium hydroxide added until the liquid is 
J I If lead is present it will remain undissolved 

! \c Id should bo filtered off. Ammonium nitrate is 

Water to the Solution in excess and the mix- 

Y — - / ture boiled until the greater part of the ammonia 

has been expelled. The clear liquid is decanted 
from the precipitate through a weighed Gooch 
_ crucible and the precipitate washed by decantation 

r fl -. booth with hot water and finally transferred to the cruci- 
A~'k I>lo and washed two or three times more. The 

__ A- -- C 5 . mercuric sulphide is elriod at 110° C. and weighed as 

IlgS- 

I-. HgSX0.8fi22=Hg or X0.9S07=HgO. 

Fm- 47. Notks. Ahmiina and silica are apt to be present in 

caustic. 

removed, if present, by boiling with sodium sulphite, 
tkI o The sulphur may be extracted with carbon disulphide 

The Gooch crucible is plmicd upon a g ass tripod in a beaker, containing carbon di- 
sulpbde, and a round-bottomed flask filled witli cold water is placed over the mouth 
of the beaker to seiwe as a condenser Fig. 47. Uy gently heating over a water bath 
for an hour the sulphur m completely extracted from the sulphide. Carbon disul- 
phide IS removed from the precipitate by washing once with alcohol followed by 
ether. The residue is now dried and weighed. ^ 


6ooch 


Hot Waftr 


' Determination of Mercury by Electrolysis 

Mercury is readily deposited as a metal from slightly acid solutions of its salts 
Procedure. The neutral or slightly acid solution of mercuric or mercurous 
salt IS diluted in a beaker to 160 ee. with water and 2 to 3 cc. of nitric acid added 
The solution is electrolyzed with a current of 0.5 to 0.1 ampere, and an E.M.f! 
of 3.6 to 5 volts. A gauze cathode is recommended, or a platinum dish with 
dulled inner surface may be used. One gram of mercury may be deposited in 
about fifteen hours (or overnight). The time may be shortened to about three 
hours by increasing the current to 0.6 to 1 ampere. 
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The metal is washed with water without interrupting the current and then 
with alcohol. After removing the adhering alcohol with a filter paper, the 
cathode is placed in a desiccator containing fused potash and a small dish of 
mercury. The object of this mercury is to prevent loss of the deposit by 
vaporization. 

The increa.sed weight of the cathode is due to metallic mercury. 

Notos. In the electrolysis of mercuric chloride turbidity may be caused by 
formation of mercurous chloride by reduction, but this does no harm, as the reduction 
to metallic mercury follows. 

Mercury may be electrolyzed from its sulpho solutions, obtained by dissolving 
its sulphide in concentrated sodium sulphide. 

Determination of Mercury by the Hoiloway-Eschka Process 

Modified 

When mercury sulphide is heated with iron filings metallic mercury’ is vol¬ 
atilized, iron sulphide being formed. The mercury' vapor is condensed on a 
silver or gold plate. The use of iron for this redutdion was suggested by Eschka 
and his method modified by Holloway. In ores containing arsenic the addition 
of zinc oxide is recommended. Erdmann and Marchand use lime for decomposing 
the mercury compound. The reactions may' be represented a.s follows: 

IIgS-HFe=FeS-|-Hg or HgX-fCat) =CaX-|-Ilg-|-(). 

Apparatus. This consists of a deep glazed porcelain crucible, the size 
depending upon the charge of the siimplc to be taken. (Jencriilly a 30-cc. cru¬ 
cible is used for a 2-gram sample with 4 grams of flux. The crucible is covered 
by a silver or gold jdate that lies 
perfectly flat and fits snugly 
around the edges of the crucible. 

It may be necessary to grind the 
top of the receptacle on emery 
paper to obtain a ijerfectly level 
edge. 

The crucible is suspended in a 
hole through an asbestos board or 
quartz plate, to prevent tlie flame 
heating the upper portion of the 
vessel. 

The lid of the crucible is kept cool by a cylindrical condenser of metal through 
which a stream of water pa.sses. A small lOrlenmeycr flask may l)e used, with 
a tube passing to the bottom of the flask through a rubber stopper, and a 
second tube just pa.ssing through the stopper. 

Holloway has a weight placed on the mefal condenser to hold the lid firmly 
against the crucible. The illustration (Fig. 48) shows the form of the apparatus 
set up for the run. 

Procedure. The sample containing not over 0.1 gram of mercury is placed 
in the crucible with 5 to 10 grams of fine iron filings and intimately mixed. Addi¬ 
tional filings are put over the charge. Sulphide ores containing arsenic are 
best mixed with about twice the weight of a flux of zinc oxide and sodium car¬ 
bonate in the proportion 4 to 1, and about five times the weight of iron filings 
added. 
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The weighed silver cover is placed on the crucible and the apparatus set up as 
shown in the illustration, I'ig. 48. 

The bottom of the crucible is gradually heated with a small M6ker flame 
until it glows slightly. Overheating should be avoided. The upper portion of 
the crucible should never become hot and the lid should remain cold. After 
heating for about thirty minutes the system is allowed to cool without discon¬ 
necting the condenser. The disk is now removed, dipped in alcohol and dried 
in a desiccator over fused potash or soda. The increase of weight of the dried 
disk is due to metallic mercury. 

Notes. If the sumi>lo contains less than 1% mercury, take 2 grams; if 1 to 2% 
mercury, take I gram; ii the samt>lo contains 2 to 5%, take 0.5-gram sample. If high m 
mercury, grind sample with sand and take an aliquot portion. 

It is {Mvisahle to re|M!at the test with a clean foil to be sure that all the mer¬ 
cury has been driven out of the sample. The foil may he freed from mercury by 
heating. 


VOLUMETRIC DETERMINATION OF MERCURY 
Scamon’s Volumetric Method * 

Seamen’s Volumetric Method. Weigh 0..5 gram of the finely ground ore 
into an Erlcmneycr flask of 12.5 cc. capacity. Add 5 cc. of strong hydrochloric 
acid and allow it to act for about ten minutes at a temperature of about 40° C., 
then add 3 cc. of strong nitric acid and allow the action to continue for about 
ten minutes longer. The mercury should now all be in .solution. Now if lead be 
present, add 6 cc. of strong sulphuric acid; it may l)o omitted otherwise. Dilute 
with 15 cc. of water and then add ammonia cautiously until the liquid is slightly 
alkaline. Bismuth, if present, will be precipitated. Acidify faintly with nitric 
acid, filter, receiving the filtrate in a beaker, and wash thoroughly. 

Add to the filtrate 1 cc. of strong nitric acid that has been made brownish 
in color by exposure to the light, and titrate with a standard solution of potassium 
iodide until a drop of the luiuid brought into contact with a drop of starch 
liquor, on a spot-plate, shows a faint bluish tinge. It is a good plan to set aside 
about one-third of the mercury solution and add it in portions until the end¬ 
point is successively passed, finally rinsing in the last portion and titrating to 
the end-point very carefully. 

Deduct 0.5 cc. from the burette reading and multiply the remaining cc. used 
by the percentage value of 1 cc. in mercury to obtain the percentage in the ore. 

The standard potassium iodide solution should contain 8.3 grams of the 
salt per liter. Standardize against pure mercuric chloride. Dissolve a weighed 
amount of the salt in water, add 2 cc. of the discolored nitric acid and titrate 
as above. One cc. of standard solution will bo found equivalent to about 0.005 
gram of mercury, or about 1 % on the basis of 0.5 gram of ore taken for assay. 

The precipitate of red mercuric imlide which fonus during the titration may 
not appear if the amount of mercury present is very small, but this failure to 
precipitate does not appear to affect the result. 

Iron, copper, bismuth, antimony, and arsenic, when added separately to 
the ore, did not influence the results in Beamon’s tests. Silver interferes. Dupli¬ 
cate results should check within 0.1 to 0.2 of 1%. 


’ “ Manual for Assayets and Chemists,” p. 112. 
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Volumetric Thiocyanate Method for Mercury ‘ 

A sample containing 0.1 to 0.5 g. Hg placed in a flask is decomposed by 
adding 10 cc. dilute H 2 SO 4 (1 ; 1) and about 0.5 g. KMn 04 crystals. The 
mixture is agitated and heated to fumes. The solution cooled is diluted to 
50 cc. with cold water, then boiled and the MnOi dissolved by adding a few 
crystals of oxalic acid (small portions at a time). 

The solution is filtered, and any residue washed with dilute (1 : 10) HjSO^. 
The sulphide group are now precipitated with HjS and filtered off. The 
precipitate, transferred to a casserole, is digested for some time with dilute 
HNOj (2 : 1 ), the solution then diluted with hot water and filtered and the 
HgS washed with dilute HNO 3 (1 ; 1 ). 

The HgS is transferred to a flask with a few cc. of hot water and then 5 cc. 
of strong H 2 SO 4 and 0.5 g. KMnOi are added and the mixture heated to 
fumes. Oxalic acid crystals are added until the MnOj dissolves and the 
mixture again heated to fumes to destroy the excess of oxalic acid. The 
solution, cooled, is diluted to 100 cc. (It should now be clear.) 

About 5 cc. of a saturated solution of ferric ammonium sulphate solution 
(acidified with HNOj) are added and the solution titrated with 0.1 N thio¬ 
cyanate solution. 

1 cc. 0.1 N thiocyanate=0.01003 g. Hg. 

Solutions. Ferric Indicator. Make a saturated solution of ferric ammo¬ 
nium sulphate or ferric sulphate. Add sufficient nitric acid (freed from 
nitrous acid by heating) to clear the solution and produce a pale yellow color. 
5 cc. of this solution (the I'klitor prefers less) is used in the test. Ferric nitrate 
may be used if the sulphate is not available. 

Thiocyanate Reagent. A tenth normal solution may be made by dissolving 
7.4 grams of NH 4 CNS or 9.2 grams of KCINS in water and diluting to a liter. 
The solution may be standardized against a standard silver solution, con¬ 
taining 0.01079 grams silver per cc. 

40 cc. of the silver solution is measured into a beaker or Erlenmeyer flask 
and diluted to about 100 cc. The ferric indicator is added and the solution 
is titrated with the thiocyanate solution. Each addition of the thiocyanate 
will produce a temporary red color, which fades out as long as there is silver 
uncombined with thiocyanate. A drop in excess of the thiocyanate produces 
a permanent faint red color. 

* By A. H. Low (Chemist-Analyst, 1919, 29, 13). 
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Mercury In Organic Matter. The compound is decomposed by the method 
of Carius by heating in a closed tube (see page 145) with strong nitric acid 
(d. 1.42). The acid solution is neutralized by addition of sodium hydroxide 
and sufficient excess of the alkali added to insure a slight excess. Pure potas¬ 
sium cyanide is now added in quantity sufficient to dissolve the mercuric 
oxide precipitate, and the solution saturated with lUS gas. Ammonium 
acetate is added and the solution boiled until nearly all the NHj has been 
expelled. The precii)itate is allowed to settle and then filtered off and washed 
with hot water, and then with hot dilute HCl and again with water. The 
precipitate is dried at 110° C. and weighed as mercuric sulphide HgS. 

Note. Should free sulphur bo present its removal is accomplished by extraction 
with pure CSi, see page 310. 



MOLYBDENUM 

Mo, at.wt- 9®-0J 8.6— 9.01; m.p. 2600° C ; oxide*, Mo,0,, MoO„ MoO; 

DETECTION 

Molybdenum appears in the hydrogen sulphide group, being precipitated by 
HjS in acid solution as the sulphide. It passes into solution by digestion with 
anmionium sulphide or sodium sulphide along with arsenic, antimony, tin, gold 
and platinum. By addition of metallic zinc, antimony, together with tin, gold 
and platinum are precipitated as metals while molybdenum remains in solution. 
Arsenic, that has not volatilized as arsine, is expelled by evaporation. Nitric 
acid is now added and the solution taken to dryness. Molybdenum is extracted 
from the residue with anunonium hydroxide. 

A dilute solution of amnmnium molybdate treated with a soluble sulphide 
gives a blue solution. 

Sodium thiosulphate atlded to a slightly acid solution of ammonium molyb¬ 
date produces a blue precipitate with a suixjrnatant blue solution. With more 
acid a brown precipitate is formed. 

Sulphur dioxide produces a bluish-green precipitate if sufficient molybdenum 
is present, or a colored solution with small amounts. The reducing agents, stan¬ 
nous chloride, or zinc in acid solution, produce a play of colors when they react 
with molybdenuTU solutions, duo to the fonnation of the lower oxides. The solu¬ 
tion becomes blue, changing to green, brown and yellow. 

Molybdenum presmit as molybdate is precipitated by disodium phosphate 
as yellow ammonium phosphomolybdate from a nitric acid solution. The pre¬ 
cipitate is soluble in ammonium hydroxide. 

A pinch of powilered mineral on a porcelain lid, moistened with a few drops 
of stumg sulphuric acid, stirre<i and heated to fumes, then cooled, will produce 
a blue color when bnuithed upon. The color disappears on heating, but reappears 
on cooling. Water destroys the color. 

Molybdenite is very similar to graphite in appearance. It is distmgui8he<l 
from it by the fact that nitric acid reacts with molybdenite, MoS,, leaving a 
white residue, but has no action upon graphite. The blowpipe gives SOj with 
molybdenite and COj with graphite. 

ESTIMATION 

The determination is required in the ores—molybdenite, MoS,, (00% Mo); 
molybdite, MoO, (straw yellow); wulfenite, PbMoO, (yellow, bright red, ohve 
green or colorless); Ilscmannite, MoO,-l-MoO,; powellite, CaMoO,; pateraite, 
CoMoO,; belonesite, MgMoO,; eosite, lead-vanado-roolybdate; achromatite, 


Chapter contributed by Wilfred W. Scott, A. M. Smoot and J. A. Holladay. 
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lead molybdate and arsenate with tin oxide and lead chloride. Some iron and 
copper ores also contain molybdenum. 

The metal is determined in certain self-hardening steels and alloys. 

The reagents ammonium molybdate and the oxide-molybdic acid, MoOi, 
are valuable for analytical purposes. Tests of their purity may be required. 

Preparation and Solution of the Sample 

In dissolving the substance the following facts should be kept in mind; 
The metal is easily soluble in aqua regia; .soluble in hot concentrated sulphuric 
acid, soluble in dilute nitric acid, oxidized by excess to MoO». It is dissolved 
by fusion with sodium carbonate and potassium nitrate mixture. It is insol¬ 
uble in hydrochloric, hydrofluoric and dilute sulphuric acids. 

The oxide MoOi is but slightly soluble in acids and alkalies; MoOj is insol¬ 
uble in hydrochloric and hydrofluoric acids. MoOa, as ordinarily precipitated, 
is soluble in inorganic acids and in alkalies. The oxide sublimed is difficultly 
soluble. 

Molybdates of the heavy metals are insoluble in water, the alkali molybdates 
are soluble. 

Ores. Molybdenum ores arc decomposed by fusion with a mixture of 
sodium carbonate and potassium nitrate, or with sodium peroxide, in an iron 
crucible, 0.5 gram of the sample being taken and 10 times its weight of fusion 
mixture. The melt is disintegrated with about 150 cc. of water, the alkali 
partly neutralized with (NIDsCOa and filtered. The molybdenum is in the 
filtrate, the iron remains in the residue. 

It is advisable to dissolve the residue in a little dilute IlCl, pour this 
solution a hot solution of an excess of NaOIl and again filter off the iron 
hydroxide, adding the filtrate to the first lot. 

The combined filtrates and washings arc treated with about 5 cc. of a 
60% tartaric acid solution or its cipiivalcnt in crystals. (This prevents W 
and V from separating out) and the solution saturated with HaS. The thio- 
molybdate solution is made slightly acid with IIjSOa (1:2) MoSa precipitates. 
Further details are the same ns those given on page 323. 

For Acid Decomposition .sec procedure on page 322. 

Steel and Iron. One to 2 grams of the drillings are dissolved, a mixture of 
25 cc. HCl and 2 cc. HNOj, additional HNO 3 (1:1) being added to oxidize 
the iron, if necessary. (KfUOj crystals may be used.) A large excess of the 
oxidizing agent is to be avoided. The solution is evaporated to near dryness 
and the pasty residue taken up with about 25 cc. water and 10 cc. HCl, and 
gently heated. A yellow residue is due to WOa. This is removed by filtration 
and* washed. The filtrate contains the molybdenum. This is now treated 
according to the procedure given under "Separations” for removal of iron. 

Separations 

Separation of Molybdeniun from Iron. The solution containing the 
molybdenum is treated very cautiously with 2 N.NaOH solution to neutralize 
the greater part of the free acid, but not with such an amount that would 
Color the solution red. The yellow solution is heated to boiling. 

In a separate vessel is placed 2 N.NaOH in sufficient quantity to combine 
with all the iron of the sample and about .50% excess (1 cc. of 2 N.NaOH 
•>0.1 g. Fe) 30 cc. should be sufficient. This solution is heated to boiling 
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and to it is added the hot solution containing the molybdenum. The sample 
should be added very slowly, preferably through a special funnel with capillary 
tube, stirring the solution vigorously during the addition. With care a com¬ 
plete separation of iron, free from molybdenum, may be effected, the molyb¬ 
denum remaining in solution. The mixture is transferred to a 500 cc. volu¬ 
metric flask. 

The volume is made up to exactly 500 cc. and the precipitate allowed to 
settle. A portion is now filtered off, the first 5-10 cc. being rejected and the 
following 250 cc. of filtrate is retained for analysis of molybdenum. 

Separation from the Alkaline Earths. Fusion of the substance with sodium 
carbonate and extraction of the melt with water gives a solution of molybdenum, 
whereas the carbonates of barium, calcium and strontium remain undissolved. 

Separation from Lead, Copper, Cadmium and Bismuth. The sulphides 
of the elements arc treated with sodium hydroxide and sodium sulphide solution 
and are digested by gently heating in a pressure flask. Molybdenum dissolves, 
whereas lead, copper, cadmium and bismuth remain insoluble. If the solution 
of the above elements is taken, made strongly alkaline, and treated with HtS, 
the sulphides of the latter elements are precipitated and molybdenum remains 
in solution. The precipitates arc filtered off and the filtrate containing molyb¬ 
denum is placed in the pressure flask, the solution made slightly acid with sul¬ 
phuric acid and the mixture heated under pre.saure, until the liquid appears colorless, 
MoSj is precipitated and may be converted into the oxide as described later. 

Separation from Vanadium is effected by a molybdenum sulphide precipi¬ 
tation in acid solution. 

Separation from Arsenic. Arsenic, present in the higher state of oxida¬ 
tion, is precipitated by magnesia mixture, added to a slightly acid solution (6 cc. 
of concentrated hydrochloric acid per 100 cc. of solution for each 0.1 gram 
arsenic). The solution is neutralized with ammonia (methyl orange), and the 
arsenic salt filtcired off. MoS, is now pmcipitatetl with HjS in presence of free 
sulphuric acid in the pressure fla.sk. 

Separation from Phosphoric Acid. Phosphoric acid is precipitated from an 
ammoniacal solution as magnesium ammonium phosphate. Molybdenum may 
then be precipitated as the sulphide from the filtrate. 

Separation from Titaniiun. The metals of the ammonium sulphide group 
are precipitated by adding ammonium hydroxide and ammonium sulphide. 
Molybdenum remains in solution and passes into the filtrate. HjS is passed into 
the solution until it appears rod; sulphuric acid is then added until the solution 
is acid, when molybdenum sulphide precipitates. 

Separation from Tungsten. Molybdenum may be precipitated by HjS 
as Mo.S, in presence of tartaric acid. Tungsten docs not precipitate. , 

Ether Extraction Method. Ether extracts not only iron but also molyb¬ 
denum (see p. 248). The ether is evaporated off on a steam bath (avoid a 
free flame, as ether is inflammable) and the soluti.7n taken to near dryness. 
10 cc. of sulphuric acid are added and hydrochloric acid expelled by concen¬ 
tration to fumes. After cooling, 100 cc. of water are added and 2-3 grams 
of ammonium bisulphite, to reduce the iron. The solution is boiled to expel 
the excess of SOs and molybdenum is precipitated by HjS in a pressure fl^k. 
After cooling slowly, the sulphide, MoS, is filtered off, washed and ignited 
and weighed as MoOi. 
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GRAVIMETRIC METHODS FOR THE DETERMINATION 
OF MOLYBDENUM 

Precipitation as Lead Molybdate 

Preliminary Remarks. This Tnetho<l, .suggested by Chatard, has been 
pronounced by Hrearly and Ibbotson to be “ one of the most stable processes 
found in analytical chemistry.” “ It is not interfered with by the presence of 
large amounts of acetic acid, lead acetate, or alkali salts (except sulphates). 
The paper need not bo ignited separately and prolonged ignition at a much higher 
temperature than is necessary to destroy the paixjr does no harm. From faintly 
acid solution lead molybdate may be precipitated free from impurities in the 
presence of copixir, cobalt, nickel, manganese, zinc, magnesium and mercury 
salts.” It may be readily separated from iron and chromium. Barium, stron¬ 
tium, uranium, arsenic, cadmium and aluminum do not interfere if an excess of 
hydrochloric acid has been added to the solution followed by lead acetate and 
sufficient ammonium acetate to destroy the free mineral acid. 

The method is not adapted to use with molybdenite, MoS 2 , because of the 
sulphate that forms on oxidation. 

Vanadium and tungsten, if present, must be removed. 

Special Reagents. Lead Acetate. A 4% solution is made by dis.solving 
20 grams of the salt in .'iOO cc. of wann water. A few cc. of acetic acid are added 
to clear the solution. 

Precipitation of Lead Molybdate. The solution acidified with acetic acid 
(5 cc. per 200 cc.) and free from iron, is heated to near boiling and the lead 
acetate reagent added slowly until no further precipitation occurs and then 
about 5% excess. (1 cc. of the 4% lead acetate reagent will precipitate about 
0.01 gram of molybdenum.) The precipitate is allowed to settle a few minutes 
and filtered hot into a weighed tiooch crucible or into a filter paper. (Ilcfiltcr- 
ing first portion if cloudy.)' The ])rccipitatc is washed with hot water until 
free of chlorides and the exce.ss of the lead acetate. 

The precipitate dried and ignited in a porcelain crucible at red heat for about 
twenty minutes is weighed as l'bMo 04 . 

PbMoO.X0.2GI.'i =Mo. PbMoO4X0..TJ23 =MoO.. 

MOX3.8241 =-PbMoO.. MoO,X2..')49l =PbMoO.. 

Determination of Molybdenum as the Oxide, M0O3 

Bspecially applicable where fusion with an alkali carbonate has been required. 

Decomposition of Ore. One gram of the ore is fused with 4 grams of fusion 
mixture, (NaiCO,-|-K,CO,+KNO,), and the cooled melt extracted with hot water. 

If manganese is present, indicated by a colored solution, it may be removed 
by reduction with alcohol, the manganese precipitate filtered off and washed with 
hot water, the solution evaporated to near dryness and taken up with water, 
upon addition of nitric acid as stated below. 

The solution containing the alkaline molybdate is nearly neutralized by 
adding HNO,, the amount necessary being determined by a blank, and to the 
cold, ^ghtly alkaline solution, a faintly acid solution of mercurous nitrate is 

> Note. Addition of ammonium nitrate to the solution tends to prevent formation 
of coUoidol PbMoO,. Paper pulp (ashlcss) may bo added to assist rapid filtration. 
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added until no further precipitation occurs. The precipitate consists of mer- 
curou.s molybdate and carbonate (chromium, vanadium, tungsten, arsenic and 
phosphorus will alst) be precipitated if present). The solution containing the 
precipitate is boiled and allowed to stand ten to fifteen minutes to .settle, the black 
precipitate is filtered off and washed with a dilute solution of mcrcunms nitrate. 
The precipitate is dried, and as much as po.s.sible transfernHl to a watch-glass. 
The residue on the filter is dissolved with hot dilute nitric acid, and tla^ .solution 
received in a large weighed iK)rcclain crucible. The solution is evaporated to 
dryness on the water bath and the main |K)rtion of the pwipitate added to this 
residue, and the product heated cautiously over a low Hanic ‘ until the mercury 
has completely volatilized. The cooled residue is weighed as MoOj. 

MoOaX0.6007= Mo. 

Note. If Or, V, W, As or P are present a separation must be effected. Molyb¬ 
denum should be precipitated in an Hj-SOj solution in a pressure flask as the sufiihide 
by HjS as given in the following method, and arsenic if present removed by nmgnesia 
mixture as indicated in the procedure for separation of arsenic froin molybdenum. 
If these impuritie.s are present the molybdenum oxide may be fused with a very little 
NatCOi, and leached with hot water and the filtrate treated with HjS as directed. 


Precipitation of Molybdenum as the Sulphide by H2S 

A. Precipitation from Acid Solution. By this procedure molybdenum 
is precipitated along with members of the hydrogen sulphide group, if present, 
but free from elements of the following groups. 

The cold molybdenum solution slightly acid with sulphuric acid (in presence 
of Ba, Sr or Ca an HCl solution is rioces.sary) is placed in a small pressure 
flask and satunvted with H 2 S, the flask closed and heated on the water bath until 
the precipitate has settled. The solution is cooled and filtered through a weighed 
tJooch crucible. 

B. Precipitation from an Ammoniacal Solution. By this procedure molyb¬ 
denum is precipitated with antimony, arsenic, tin if present, but is free from 
mercury, lead, bismuth, copper and cadmium. 

Hydrogen sulphide is passed into the cold ammoniacal .solution of molyb¬ 
denum (in presence of tungsten or vanadium add tartaric acid) until it assumes 
a bright red color, it is now acidified with dilute sulphuric acid, the precipitate 
allowed to settle and the solution filtered through a weighed Gooch crucible. 

In either ease A or B the precipitate is w'ashed into the Gooch crucible 
with very dilute sulphuric acid followed by several washings with the acid^and 
then with alcohol until free from acid. The Gooch is placed within a larger 
nickel crucible and covered with a porcelain lid. After drying at 100° C. it is 
placed over a small flame and carefully heated until the odor of SOj can no longer 
be detected. The cover is now removed and the open crucible heated to constant 
weight. The residue consists of MoO». 

MoO.X0.6667 = Mo.' 

Note. Arsenic will contaminate the residue if present. The method for its 
removal has been given. 

»The oxide, MoOi, sublimes at bright red heat. The volumetric method is more 
reliable, ^e page 319. 
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VOLUMETRIC METHODS FOR THE DETERMINATION 
OF MOLYBDENUM OR MOLYBDIC ACID 

The lodometric Reduction Method ‘ 

Principle. When a mixture of molybdic acid and potassium iodide in pres¬ 
ence of hydrochloric aiud is boiled, the volume having defined limits, free iodine 
is liberate and exj^lled and the molybdic acid reduced to a definite lower oxide; 
by titrating with a standard oxidizing agent the molybdic acid is determined. 

Jteaction. 2MoO,+4KI+4HCl =2MoO.I-t-I,-|-4K(;H-2H«0. 

Reagents. N/IO solutions of iodine, sodium arsenitc, potassium ])ermanga- 
nate, sodium thiosulphate. 

Analytical Procedure.* Reduction. The soluble molybdate in amount 
not exceeding an equivalent of 0.5 gr-am MoOj is placisl in a 150-cc. Erlenmeyer 
flask, 20 to 26 cc. of hydrochloric aend (sp.gr. 1.2) added together with 0.2 to 0.6 
gram potassium iodide. A short stemmcd-funnel is placed in the neck of the 
flask to prevent mechanical loss during the boiling. I'lie volume of the solution 
should be about 60 cc. The solution is boiled until the volume is reduced to 
exactly 25 cc. as determined by a mark on the flask. The residue is diluted 
immediately to a volume of 125 cc. and cooled. Either process A or B may 
now be followed. 

A. Reozidation by Standard Iodine. A solution of tartaric acid, equiv¬ 
alent to 1 gram of the solid, is now added, and the free acid nearly neutralized 
with sodium hydroxide solution (litmus or methyl orange indicator) and finally 
neutralized with sodium acid carboimte, NalKlOj, added in excess. A measured 
amount of N/10 iodine is now run in. The solution is set aside in a dark closet 
for two hours, in order to cause complete oxidation, as the reaction is slow. The 
excess iodine is now titrated with N/10 scKlium arsenite. 

One cc. N/10 iodine = .0144 gram MoOj = .009() gram Mo. 

On long standing a small amount of iodato is apt to fonn. This is determined 
by making acid with dilute and titrating with N/10 sodium thiosulphate. 

B. Reozidation of the Residue by Standard Permanganate. To the 
reduced solution about 0.5 gram of manganese sulphate in solution is added, 
followed by a measured amount of N/10 |xtrmanganate solution, added from a 
burette until the characteristic pink color appears. A measured amount of 
standard N /lO sodium arsenite, C(|uivaleut to the pennanganate is then run in 
and about 3 grams of tartaric acid added. The acid is neutralized by acid sodium 
or potassium carbonate, the stopper and the sides of the flask rinsed into the main 
solution. The residual arsenite is now titrated by N/10 iodine, using starch 
indicator. 

Notks, Tartaric acid prevents precipitation during the subsequent neutraliza¬ 
tion with NaHCOi. A and 71. 

The addition of manganese salt in B is to prevent the liberation of free chlorine 
by the action of KMnO< on HCl. 

In addition to the oxidation of the lower oxides to molybdic acid, potassium per- 
mai^nate added in B liberates free iodine from HI, it produces iodic acid, and forms 
the higher oxides of manganese. The standard arsenite, on the other hand, converts 
free iodine and the iodate to HI and reduces the higher oxides of manganese. 

> F. A. Gooch and Charlotte Fairbanks, Am. Jour. Sc. (4), 2,160. 

*F. A. Gooch and O. 8. Pulman, Jr. Am. Jour. Sc. (4), 12, 449. 


MOLYBDENUM 


319 


Estimation by Reduction with Jones Redactor and Oxidation by 
Standard Permanganate Solution 

Principle. The procedure depends upon the reduction of molybdic acid 
to MojOj by passing its solution through a column of amalgamated zinc into a 
solution of ferric alum, and subse()uent oxidation to MoOi by standard potas¬ 
sium permanganate solution. 

Reaction*. 2MoOs-l-3Zn =MojO,+3Zn(). 

5Mo,0,-f-6KMnO.+9II^O. = 10 Mo().+ 3 K,S 0 «-|- 6 MnS 04 +9H,0. 

Reagents. Potassium permanganate approximately N/10 standardized 
against a standard inolylxlic acid solution. 

10% solution of ferric alum. 

2.5% solution of sulphuric acid. 

Apparatus. Jones Redactor. 

/J = reductor tube .50 cm. long, 2 cm. inside 
diameter. 8mallcr tube prolongation length 
20 Ctrl, inside diameter 0.5 cm. 

Zn = column of zinc 40 cm. long. Zn shot 8 mesh 
to sg.cm.; 

?” = receiving flask; 

P = pressure regulator with gau^, set to give 
pressure in receiving flask of less tlian 20 cm. 
water; 

G = platinum cone or gauze with mat of fine glass 
wool 2 cm. thick; 

The zinc in redactor should be protected from 
the air by covering with water, stop-cock bemg 
closed when not in use. 

Procedure. The receiving flask of the 
Jones reductor. Fig. 49, is charged with about 
30 cc. of 10% ferric alum and 4 cc. of phosphoric 
acid. Through the 40-cm. column of amalga¬ 
mated zinc in the reductor are passed in suc¬ 
cession 100 cc. of dilute sulphuric acid 
(2.5% sol.), the molybdic acid in the form of 
ammonium molybdate dissolved in 10 cc. of 

water and acidified with ICO cc. of dilute 4 g_—Jones Reductor. 

sulphuric acid followed by 200 cc. more of the , 

dilute sulphuric acid and 100 cc. of water. The reduced green molybdic acid 
upon coming in contact with the ferric alum solution produces a bright red 
color. 

The solution is titrated with N/10 KMnOi solution 


One cc. of N/10 KMnOi =—j- MoO, ^ gram molybdenum. 

* W. A. Noyes and Frohman, Jr. Am. Chem. Soc , 3S, 919. Mtar a thorough exam¬ 
ination of the various methods for determining molybdenum, Messrs. Smoot, Lundell 
and Holladay pronounce this method to be superior to any other. 
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Notes on Reductor Technique 

Use of the following greatly simplified and correspondingly more rapid 
reductor technique is recommended by J. A. Holladay. 

1. The reductor should contain a column of 20 x 30 mesh amalgamated 
zinc J" in diameter and 10 inches long. If the molybdenum solution is given a 
preliminary reduction by heating with 2 grams of 20 mesh zinc for the purpose 
of precipitating copper (which is subsequently removed by 
filtration on asbestos), the length of the zinc column may 
^ safely and advantageously be reduced to 8". The lengths 

n ; specified apply only to a column in diameter; the lengths 
j for tubes of different diameters would have to be deter- 

V mined experimentally. The zinc should be as free from iron 

! and as low in other impurities as possible. 

2. If the reductor has been standing idle for longer than 
one day it is cleaned by passage of .50 cc. of 6% sulphuric 
acid, and .50 cc. of water, both at room temperature, a small 
amount of the water being left in the funnel which forma the 
reductor inlet. The acid and water are discarded after hav¬ 
ing been passed through the reductor. These operations are 
only necessary when the reductor has been standing idle for 
some time. 

3. The required amount of ferric phosphate solution and 
sufficient water (about .50 cc.) to cause the tip of the reduc¬ 
tor outlet tube to dip beneath the surface of the liquid are 
added to the flask. 

4. The molybdenum solution (volume .50 to 100 cc., 
acidity 0% HjS 04 ) which may be at room temperature or 
slightly warm, is passed through the reductor rapidly. The 
total time retiuired for the pa.ssage of the molybdenum solu¬ 
tion and the liquids which follow it need not exceed from 1 
to 3 minutes. No advantage results from having the solu¬ 
tion hot—on the contrary, the greater action of the hot 
acid solution on the zinc is a disadvantage. No increase in 
accuracy is obtained by passing the solution through the 
reductor at a slower rate than that specified. 

6. When the funnel which forms the inlet of the reductor 
is nearly but not entirely empty, 150 cc. of water at room 
temperature arc passed through the reductor. In the case 
of samples containing relatively small amounts of molyb¬ 
denum, 100 cc. of water is sufficient. In no case is the funnel 
permitted to become entirely empty and the stopcock is closed while some of 
the wash water remains above the surface of the zinc. 

Note. It is unnecessary to have this solution hot as is sometimes recommended. 
This statement is confirmed by recent work of G. E. F. Lundell and H. B. Knowles, 
U. S. Bureau of Standards, Ina. Eng. Chem. 
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Method for Determining Molybdenum and Vanadium in a 
Mixture of their Acids 

Principle of the Method. Tho procedure dejjcnds upon the fact that 
vanadic acid alone is reduced by SOji in a sulphuric acid solution, whereas both 
vanadic and molybdic acids are reduced by amalgamated zinc, in each case the 
reducing agents forming definite lower oxides which are readily oxidized to 
definite higher oxides by KMnOi. 

Reactioru. 

SOj Reduction: 

1. VjOi+SOj =Vj 04 +S 0 j. (No action on MoOi.) 

Zn Reduction: 

2. VaOsd-ilZn = VjOa'bilZnd. 

3. 2 MoOs+ 3 Zn=Mo, 03 + 3 Zn(). 

KMnO, Oxidation: 

4. r)V,(h+2KMn04+3H5S0.=r)V,0i-|-K,S0.4-MnS044-3H,0. 

5. 5V202+()KMn()4+!nf2S()4=5V,(h+3K,S0,+()MnS()4+i)Il,0. 

6. 5Mo2Oj+CKMnO4+0H2SO4 = 10MoOj+3K2«O4+fiMnSO4+9H,O. 

From the reactions “ 4 ” and “ 5 ” it is seen that three times the amount 
of KMn 04 is required to oxidize V 2 O 2 to VjOs as is retjuired in the case of V 2 O 4 , 
hence—total cc. KMn ()4 required in oxidation of the zinc-reduced f)xides minus 
three times the cc. KMn ()4 required in oxidizing the tetroxide of vanadium 
fonued by the sulphur dioxide reduction =cc. KMn ()4 recpiircd to oxidize MojOi 
to Mot )a. From these diita molybdenum and vanadium may readily be calculated. 

Method of Procedure. A. Vanadic Acid. Tho solution containing the 
canadic and molybdic acids in a 250- to 3(K)-cc. Erlenmeyer fla-sk, is diluted to 
r5 cc. acidified with 2 to 3 cc. of strong sulphuric acid, heated to boiling and the 
canadic acid reduced by a current of SO 2 passed into tho solution until the clear 
aluo color indicates tho complete reduction of the vanadic acid to V 2 O 4 . The 
joiling is now continued and CO 2 passed into tho flask to expel the last trace of 1 SO 2 . 

Standard N /10 KMn ()4 is now run into the reduced solution to the character- 
stic faint pink. From reaction “ 4,” vanadic acid may bo calculated. 

One cc. N/10 KMn 04 = .0182 gram VjOs = .0051 gram vanadium. 

B. Molybdic Acid. The reduction by Jones’ reductor, and titration of the 
combined acids reduced by amalgamated zinc with N/10 pota-s-sium permanganate 
olution, is carried out exactly as described in the determination of molybdic 
icid alone. In this case 50 cc. of 10% ferric alum and 8 cc. of the pho.sphofic 
icid is placed in the receiving flask. 

Calculation. Total permanganate titration in B minus three times the titration 
n A gives the permanganate required to oxidize M 02 O 2 to MoOa. From c<iuation 
i the molybdic acid may now be calculated. 

0144 .0096 

One cc. N/10 KMn 04 =^-r— gram M0O2 = ‘ gram molybdenum. 

a V 

‘Reduction of vanadium by SO 2 in presence of molybdenum, Graham Edgar, 
tm. Jour. Sc., (4) 26, 332. No reduction of MoOj when 0.4 gram is present with 6 cc. 
12804 in 25 cc. volume. 

For theoretical considerations and data on accuracy of method see “ Methods 
a Chemical Analysis,” F. A. Gooch. 

27 
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DETERMINATION OF MOLYBDENUM IN ORES* 

The commercial ores of molybdenum are molybdenite, the native sulphide 
(MoSj), and wulfenite, lead molybdate. Occa.sionally molybdenum ochre 
(the trioxide) may be met with, but this mainly occurs in very small proportion 
associated with molybdenite as an oxidation product of the sulphide. 

Molybdenite is sold either as high grade selected mineral or as concentrates 
which are usually the product of flotation processes. The important determina¬ 
tions in molybdenite are molybdenum, arsenic, copper and phosphorus; some¬ 
times bismuth is present and occasionally lead. 

Owing to the complex nature of wulfenite the determination of molybdenum 
is more difficult and the number of impurities which may be sought for is much 
greater. 

The following methods for the determination of molybdenum in commercial 
ores and concentrates are the result of co-operative work between the labora¬ 
tories of the Electro Metallurgical Company and Ledoux & Company. It is 
believed that all important sources of error have been considered and eliminated 
so far as the usual commercial ores are concerned. 

Determination of Molybdenum in Wulfenite or Molybdenite 

One gram of the finely ground ore is dissolved by treatment with 15 cc. of 
nitric acid (sp.gr. 1.42) and 7 cc. of sulphuric acid (sp.gr. 1.84) at a tempera¬ 
ture just short of boiling in a 1.50 cc. covered beaker. When practically com¬ 
plete decomposition has been effected, the liquid is evaporated until fumes of 
sulphur trioxide are freely expelled. After cooling addition is made of about 
40 cc. of water, the solution is boiled to dissolve the molybdenum, cooled to 
room temperature and filtered into a 250 cc. beaker. The residue, consisting 
of lead sulphate, silica, etc., is washed with very dilute H 2 SO 4 . The residue 
rarely, if ever, contains Mo, nevertheless it should be examined to make sure 
that decomposition is complete. To this end it is digested with 15 cc. to 
25 cc. of ammonium acetate solution (prepared by mixing 8 cc. of (NH 4 )OH 
(0.90) with 10 CO. HjO and adding 7 cc. of 99% C 2 H 402 ) to remove all lead sul¬ 
phate. The filter paper is washed with hot dilute acetic acid and with water. 
It is then ignited in a platinum crucible and the silica is removed by treatment 
with a drop of sulphuric acid and several cc. of hydrofluoric acid and evapor¬ 
ating to the expulsion of sulphuric acid. If an appreciable residue remains 
after this treatment, it is fused with potassium pyrosulphate and tested for 
molybdenum by means of tartaric acid and ammonium sulphide as described 
later. 

‘To the solution containing all of the molybdenum there is added sufllcient 
ferric sulphate to provide ten times as much iron as there is arsenic present: 
from 0.2 to 0.3 gram of iron is usually ample. The acid solution is then nearly 
neutralized with ammonia (addition of a sufficient amount to impart a red 
tint to the clear yellow solution is to be avoided), heated nearly to boiling and 
poured very slowly and with vigorous stirring into 75 cc. of warm ammonia 
solution (15 cc. (NH 4 )OH 1.90 sp.gr. 60 cc. H 2 O) contained in a 250 cc. beaker. 
When it has settled the ferric hydroxide (which will carry down quantitatively 
all arsenic in the ore) is filtered and washed thoroughly with hot water; it is 
then dissolved in a slight excess of hot dilute (1 to 4) sulphuric acid and the 
resulting solution is again heated to boiling and poured into 75 cc. of warm 
‘ By James A. Holladay and A. M. Smoot. 
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iimmonia solution as before; the iron hydrate is again washed. The two 
filtrates, which will contain all the molybdenum, are collected in a 600 cc. 
beaker. It is essential that arsenic, which is usually present in these ores, be 
eliminated, and the method described furnishes a simple and effective way 
for accomplisliing this. The addition of ferric sulphate would be omitted 
only in case arsenic is known to be absent or when the ore itself carries suf¬ 
ficient iron to take care of the arsenic. 

To the combined ammoniacal filtrates there are added 2 grams of tartaric 
acid and when the acid has dis.solved the liquid is saturated with hydrogen 
sulphide. The presence of tartaric acid is necessary to prevent precipitation 
of vanadium and tungsten along with the molybdenum. Both "of these ele¬ 
ments are ordinary constituents of wulfenite concentrates. Under these 
conditions the molybdenum remains in the solution as ammonium thioinolyb- 
date, (NH 4 ) 5 MoS 4 , which imparts a deep red color to the solution. If a small 
precipitate of insoluble sulphides separates out, it is filtered off and washed 
with dilute ammonium sulphide solution; if the solution remains clear this 
stop is omitted. Copper in the amounts usually present remains entirely in 
solution at this point and is reprecipitated with molybdenum when the solution 
is subsequently acidified. The thiomolybdate solution is then made slightly 
acid with sulphuric acid (I to 2). Molybtlcnum is thus precipitated as tri¬ 
sulphide. 

The cessation of effervcscense on addition of more acid and the disappear¬ 
ance of the red color of the ammonium thiomolybdate mark the point where 
sufficient acid has been added to complete the reactions. 

After heating for a short time, the precipitate is allowed to settle and 
filtered on an 11 cm. paper and washed thoroughly with hydrogen sulphide 
wiiter containing a small amount of .sulphuric acid. 

The filtrate from the molybdenum sulphide sometimes contains appre¬ 
ciable amounts of molybdenum; addition is made to it of 1.5 ccI of nitric acid 
(sp.gr. 1.42) and the solution is ev.aporated to fumes of sidphur trioxidc, more 
sulphuric acid being added if sufficient is not already pre.sent. After allowing 
it to cool, 6 cc. of concentrated nitric acid are added and the solution is again 
evaporated to fumes. The addition of nitric acid and evaporation to strong 
fumes is repeated once more to insure the destruction of all organic compounds. 
After allowing to cool, sufficient water is added to dissolve all salts, two grams 
of tartaric acid are added, and after addition of an excess of ammonia (sp.gr. 
0.90) the warm liquid is thoroughly saturated with washed hj'drogen sulphide 
and filtered. The filtrate is acidified with sulphuric acid (1 to 2) and if after 
standing for fifteen to thirty minutes in a warm pl.acc any molybdenum tri¬ 
sulphide has separated out it is filtered, washed well with hydrogen sulpliide 
water containing a small amount of sulphuric acid, and combined with the 
main precipitate. The precipitation of the molybdenum as sulphide when 
carried out as described effects the separation and removal of tungsten, vana¬ 
dium and chromium. 

The molybdenum sulphide precipitate and paper, or precipitates and papers, 
are put into a 250 cc. beaker and treated with 6 cc. of sulphuric acid (sp.gr. 
1.84) and 10 cc. of nitric acid (sp.gr. 1.42) and the liquid is cautiously boiled 
until dense fumes of sulphur trioxide are freely evolved. After allowing it to 
cool somewhat, 5 cc. of nitric acid (sp.gr. 1.42) are added and the evaporation 
is repeated. The evaporation with 5 cc. portions of strong nitric acid is 
repeated several times until the filter paper has been completely destroyed and 
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every trace of yellow color, due to carbonaceous matter, has disappeared. 
When this has been accomplished the solution is fumed strongly for a short 
while, cooled, 6 cc. of water are added and the liquid is again taken to fumes 
of sulphur trioxide in order to insure the expulsion of every trace of nitric acid. 
When cool, addition is made of approximately 75 cc. of water and the contents 
of the beaker are boiled for a few minutes, which should give a perfectly clear 
solution. Five grams of granulated zinc (0.002% iron or under) are then added 
and the solution is warmed until most of it has dissolved; this results in partial 
reduction of molybdenum and complete precipitation of copper, which is usually 
present. The liquid is then filtered on an asbestos or “alundum” filter to 
remove the undissolved zinc and the copper. 

All the molybdenum in the solution is then reduced from the sexivalent to 
the trivalent condition by passage through the zinc redactor into a solution of 
ferric sulphate containing phosphoric acid—the solution is then titrated with 
N/10 permanganate. The details of the reductor and the method of preparing 
it are given on page 310 and 320. 

It is essential to run a blank determination, using the same quantity of zinc 
that was used to separate copper and the same volumes of water and acid— 
passing the solution through the reductor under the same conditions. With 
good zinc the correction may be about 0.2 cc. 

Method for Molybdenum in Pure Molybdenite Concentrates 

Molybdenum may be determined in the same way as in wulfenite, but owing 
to the higher Mo content of the material only 0.5 gram may be taken for the 
determination. 

In case of very pure and high-grade molybdenite, which rarely contains 
any interfering element except traces of arsenic, the method may be simplified. 

It suffices to treat 0.5 gram of the pidp with 10 cc. of strong HNO3 and 7 cc. 
of HjS 04 and evapoatc to fumes. A single treatment usually results in 
complete decomposition, but if the solution shows any particle of undecom- 
poacd material a further addition of 5 cc. of HNO.1 and a second evaporation 
to fumes may be necessary. In order to remove all HNOj, the H2SO4 solution 
is diluted by washing down the .sides of the beaker with 5 cc. of water and the 
evaporation to fumes is repeated. 

After cooling, 35 cc. of water and ferric sulphate equivalent to about 0.1 
gram of metallic iron arc added. The solution is poured into an ammonia 
solution, the same as in the longer method, the iron hydrate carrying any 
arsenic is filtered off, dissolved in H 2 SO 4 and reprecipitated. The united 
filt/ates contain all the molybdenum; they are concentrated by evaporation 
to a volume of 150 cc. which also serves to expel the exce.ss of ammonia. The 
solution is acidulated with 115804 , reduced and titrated as in the longer method. 

This method, of course, is not applicable in the pre.sence of vanadium, 
tungsten or other impurities which might be reduced and reoxidized in the 
final operations, but it serves very well for the analysis of high grade molyb¬ 
denite. 
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Determination of Commonly Occurring Substances in 
Molybdenum Ores 
Determination of Arsenic 

Two grams of the 100-mesh sample are treated with 20 cc. of nitric acid (sp.gr. 1.42) 
and 7 w. of sulphuric acid (s^.gr. 1.84) in a l.'K) cc. beaker. The liquid is heated for a 
short time at a temperature just below the boiling tx>iut and is then evaporated until 
fumes of sulphuric anhydride are freely evolve<l. The residue is taken up with 40 cc. 
of water and boiled for a few minuttts. Approximately one gram of cuprous chloride 
and five grams of ferrous ammonium sulphate are uilded, and transfer is made of the 
solution to the distillation fljvsk of the apparatus shown on page 39, lusenic chapter, the 
teaker being rinsed with 40 cc. of hydrochloric acid (sp.gr. 1.20). It is important that 
the amount of water used be kept to a minimum so as to insure presence of sufficiently 
concentrated hydrochloric acid in the distillation flask to rapidly and completely volatil¬ 
ize the arsenic. 

For distillation of the arsenic, the Knorr Arsenic and .iVntimpny Distillation Appar¬ 
atus (mentioned above sec jiage 39) is very satisfactory. 'I'he rate at which arsimic 
distills over is greatly influenced by the size and form of app-aratus cmploycil; by use 
of the Knorr apparatus it is rapidly and completely volatilized. After having attachcil 
the flask, the inlet funnel is filled about half full of hydrochloric acid (sp.gr. 1.20). The 
outlet of the condenser tube is caused to dip ju.st beneath the surface of 100 cc. of distilled 
water in a 3.50 cc. beaker containing a lump of ice. The solution in the distillation flask 
is heatctl to boiling; concentrated hydrochloric acid is introducixl through the funnel 
tube drop by drop at a rate sufficient to reiilace the evaporation, or in other words, in 
amount suflicient to keep the level of liquid in the flask constant. It is necessary to 
keep a steady flame under the flask; if the solution in the beaker starts to be suckeil 
back into the condenser fub<(, the apparatus Ls quickly raised so as to lift the lower 
end of the condenser out of the distillate. All of the arsenic will usually distill over in 
30 or 3.5 minutes; at the enil of this time the beakcT holding the condensate is replaced 
by another one containing about 1(X) cc. of water and a lump of ice, and the distillation 
is continued for another 1.5 minutes. The sei’ond distillate is tested separately to 
determine whether it contains any arsenic. 

By the above describeil j>ro<‘e<lure the arsenic is separated from any other elements 
likely to be present by volatdization as arsenious chloride, AsCh; it may Ik; determincil 
in the resulting solution by either gravimetric or volumetric methods. Where only 
oi^casional determinations have to be made, the gravimetric methoil is perhaps the more 
convenient. The hydrochloric acid distillate is warmcil and saturatiHl with hydrogen 
sulphiile by passage of a rapid stream of g.as. Filtration is made of the arsenious 
suiphiile, AsjiSj, and it is wiushcHl with hydrogen sulphide water. The yellow precipitate 
is dissolved in the least nei'tsisary amount of ammonia (1 to 1) and the pajwr washed 
with hot water; the volume is kept as low as possible, the filtrate being received in a 
1.50 (tf. bc^cr. To the filtrate there are addcil 6-10 cc. of “pcrhydrol” (30% HiOj) 
for every 0.1 gram of arsenic supiwswl to be present; if “perhydrol” is not available, 
there are used instead 60-100 cc. of 3% hydrogen proxide (free from phosphorus}, 
but use of the former is preferable since it iM!rmits keeping the volume small. It is 
essential that enough hydrogen [leroxidc be used to oxidize the arsenic completely to 
the arsenic condition. Some commercial brands of hydrogen peroxide I'ontain con¬ 
siderable amounts of phosphorus, making it always necessary to determine it and make a 
correction for the weight of magnesium pyrophosphate formcil from it which would 
otherwise be counted as arsenic. The resulting solution is evaporated on a hot plate 
for some time, boilcil for ten minutes with the cover glass on, and cooled in ice water. 
Ten cc. of "magnesia mixture” are added, followed by ammonia (sp.gr. 0.90) to the 
extent of one-third the volume of the solution, and the liquid is stirred vigorously for 
some time and then allowed to stand in a cool place for at least 1.5 hours. The mag¬ 
nesium ammonium arsenate is filtered on a weighed Gooch crucible and washed 10-15 
times with small amounts of cold 2.5% ammonia water. It is then drained as completely 
as possible by suction, dried at Kfe" C., and heated gradually in an electric muffle 
furnace to a temperature of 400°-S(X)° C. until no more ammonia is evolved. The 
temperature is then increased to 800°-900° C. and kept there for about 10 minutes. 
After having cooled the crucible in a desiccator and weighed it, the amount of arsenic 
is calculated from the weight of magnesium pyroarsenate, MgiAsiOi, which contains 
48.27% arsenic. A “blank” must be run on the reagents used and any arsenic found 
be deducted. 
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When more than occasional analyses have to be made, the followinf; volumetric 
method can be used to advantage; the only superiority of the gravimetric process is 
that visual evidence of the presence of arsenic is furnished by the yellow aisenious 
sulphide. The distillate containing the arsenic in the form of arsenious chloride, 
AsiCli, is made slightly ammonical, litmus paper being used as indicator, and the solu¬ 
tion being kept cool. Sufficient sulphuric acid (1 to 1) to render the liquid slightly 
>cid is next added. To the cold, slightly acid solution there is added 8-10 pams of 
sodium bicarbonate, 0.3 gram of potassium iodide and several cc. of starch solution (a 
water solution of Kahibaum’s “Ixislichc Starke” or soluble starch is used) and the 
solution is titrated with a standanl iodine solution each cc. of which is equal to 0.001 
gram of arsenic. The titration is based on the reaction: 

KHiAsO,+1,+2NaHCO, = KHAsO, -b2Nal -|-2CX),-|-H,0. 

The reaction between arsenic and iodine is shown by the equation: 

As20a‘b21j-}-2Hi0 “ AsiOj4"4ni. 

A "blank” must be run and dediicterl. 

The iodine solution is prepared by dissolving 3.5 grams of pure resublimed iodine 
with 7 grams of putassiiim iodide and a very small amount of water. When the iodine 
has completely dissolved, the solution is diluted to 1 liter and mixed thoroughly; it is 
standardized against pure AsiOa. This is accomplished by carefully weighing 0.0600 
gram of pure resublimed AsjOa and transferring it to a 3.W cc. beaker, lught to ten 
grams of sodium bicarbonate and sufficient hot water to dissolve it are adilra and the 
solution is heated until the AsjOa has completely dissolved. The solution is then diluted 
to 250 cc.| cooled, 0.3 gram of potassium iodide and 2-3 cc. of starch solution are added 
and the liquid is titrated with the iodine solution to the usual blue end point. The 
weight of AsiOj used (0.0600 gram) contains exactly 0.04.545 gram of arsenic so the 
number of cc. used in the titration, divideil into 0.04M.5, gives the arsenic value of one 
cc, of the iodine. 

Determination of Copper 


(a) In Molybdenite. Four grams of finely ground sample are treated with 35 cc. 
of nitric acid (sp.gr. 1.42) and 10 cc. of sulptiuric acid (sp.gr. 1.84) in a 250 cc. beaker 
provided with a clock-glass cover. The solution is digested at a temjxTature some¬ 
what below the Imiling point until most of the molybdenite has dissolved. Subse¬ 
quently the liquid is boileil until strong fumes of sulphur trioxide are expelled. After 
having allowcil the beaker and its (xmtents to cool. .50 cc. of water are added and the 
solution is boiled briskly fur a few minutes and filtered on a 0 cm. jinpcr into a 250 
CO. beaker. The residue is washed thoroughly with hot water and discarded. ! 

An excess of sodium hydroxide solution is added to the fih.rate and the solution is 
boiled for several minutes and filtered on a 9 cm. pa|X)r. The precipitate of ferric 
hydroxide, etc., is washeil with hot water to remove the molybdenum. Solution is then 
made of this precipitate, which will contain all of the copper, in 30 cc. of hot dilute ' 
(1 to 3) sulphuric acid, the paper being washed with about 50 cc. of hot water and the 
mtrate and washings being collected in a 1.50 cc. beaker. 

The copper in the solution obtained as almvc described is completely precipitated 
in the metallic condition by placing a sheet of pure aluminum (conveniently bent into 


cipi^ted copiier be detached or only loosely adherent. After removal from the source 
of heat, the clock glass and sidixi of the beaker arc rin.sed with a jet of hydrogen sulphide 
water. The oluminmn, the copper content of which should be accurately determined, 
is weighed before and after use and a correction is applied for the copper introduced 
from it. 


Filtration is made of the solution on a very small filter paper, the copper being 
transferred to the paper and the aluminum being left ns clean as possible in the beaker. 
The precipitate is washed with hot water and the filtrate and washings are discarded. 
Solution is then made of the copper in 5 cc. of hot nitric acid (1 to 1), this being accom- 
pl^ed by first dropping the acid over the aluminum and then pouring it on the copper. 
The aluminum and niter paper are both washed with hot water, the filtrate and washings 
being collected in a 100 cc. lipless beaker. After boiling the solution to expel oxides 
of nitrogen, 2 cc. of sulphuric acid (sp.gr. 1.84) are added and determination is made of 
the copper by electrolysis, a platinum gauze cathode and spiral anode being employed. 
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Detenninatioa of Copper 

(6) In Wulfenite. Four (4.0000) pams of the lOO-mesh sample are treated with 
approximately 30 cc. of 10% sodium hydroxide solution in a 250 cc. beaker provided 
with a clock-^ass cover. The solution is boiled briskly for 10 minutes, which is usually 
sufficient to insure practically complete decomposition of the wulfenite. Addition is 
then made of about 70 cc. of hot water and the precipitate of iron oxidi^ etc., which 
will contain all of the copper, is allowed to settle. The supernatant liquid is decanted 
through a 9 cm. filter paper and the precipitate is then transferred to the paper and 
washM well with hot water. The filtrate and washings are discarded. As a result of 
these operations separation of the copper from practically all of the molybdenum and 
from the greater part of the lead is accomplished. 

The paper containing the residue is returned to the origin^ 250 cc. beaker and 
treated with 6 cc. of sulphuric acid (sp.gr. 1.84) and 10 cc. of nitric acid (sp.gr. 1.42). 
The contents of the beaker are cautiously heater! until frothing is nearly oyer, and UiCT 
boiled briskly until fumes of sulphuric anhydride are evolved. After having permitted 
the liquid to partly cooL 10 cc. of nitric acid (sp.gr. 1.42) are added and the evaporation 
to fumes is repeated. The cover glass and sides of the beaker are cleaned with a few cc. 
of water and the solution is once more evaporated to fumes in order to insure dffltnicUjm 
of all carbonaceous matter from the filter paper and complete expulsion of nitric acid. 
In practice the total time consumed in making these evaporations is smyjl. _ 

Having allowed the beaker and its contents to cool somewhat, addition is made of 
50 cc. of water and the solution is boiled for a short while, cooled, and filtered on a 
9 cm. paper into a 150 cc. beaker. The precipitate of lead sulphate, etc., is washed 
with cold 10% sulphuric acid and discarded, the copper passing completely mto the 
filtrate and washings, which should have a total volume of not more than 100 cc. 

The copper in the solution obtained as above described is completely prwipitated 
in the metallic condition by placing a sheet of pure aluminum (conveniently tent mto 
the form of a triangle 1 inch in height which stands on its edge in the beaker) in the teaker 
amt boiling for about ten minutes. Complete precipitation is not obtained untU the 
iron iiaj* been reduced, when the aluminum should aijpoar clean and the prccipitetTO 
copper be detached or only loosely adherent. After removal from the sourw of heat, 
the clock-glass and sides of the beaker are rinsed with a jet of hydrogen eulpmde wat^. 
The aluminum, the copper content of which must be accurately determined, is weighw 
before and after use and a correction is applied for the copper introduced into the 
solution from it. „ _ 

Filtration is mode of the solution on a very small filter paper, the copper D«ng 
transferred to the paper and the aluminum being left as clean as possible m the bc»KCT. 
The precipitate is washecl with hot water and the filtrate and washings are discarded. 
Solution is then made of the copiMT in 5 cc. of hot nitric acid (1 to 1), this bemg accom- 
plished by first dropping the acid over the aluminum and then pouring it on the copper, 
tte aluininum and filter paper are both washed with hot water, the filtrate and washings 
being collected in a 100 cc. liplcss beaker. After boiling the solution to expel ®*ide8 
of nitrogen, 2 cc. of sulphuric acid (sp.gr. 1.84) are added and determination is made of 
the copper by electrolysis, a platinum gauze cathode and spiral anode bemg employed. 


Determination of Phosphorus 

(o) Molybdenite. Four grams of the finely ground sample are treaty with 35 cc. 
of nitric acid (sp.gr. 1.42) and 10 cc. of sulphuric acid (sp.gr. 1.84) m a 250 cc. b^er 
provided with a cover glass. The liquid is heated at a temperature somewhM below 
the boding point untU decomposition of the mineral apiicars to have been seeu^, when 
it is boiled until strong fumes of sulphuric anhydride are given on. When the resiaue 
has cooled, 40 cc. of water are added and the solution is ooded for TOverm minutw and 
filtered on a 9 cm. paper into a 300 cc. Erlenmcyer flask. TTic residue is washed wil 
with hot water, ignited in a porcelain crucible and transferred to a platinum crunble 
and evaporated with 2 or 3 drops of sulphuric arid (sp.gr. 1.84) and ^veraj cc. of hydro¬ 
fluoric acid. After completely expelling the sulphuric acid, any small raidue remaming 
is fused with a pinch of potassium pyrosulphate and dissolved m water and addea to 

the main solution. , . ... . ,_ 

A few drops of strong permanganate solution (25 mms per hter) are i^ded to the 
solution obtained as previously described, and it is boiled to insure complete OMOation 
of the phosphorus to the tribasic condition. Just sufficient sulphurous aad to 
pose the excess of permanganate or separated manganese oxide is then added and the 
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boiline is continued for a few minutes longer. A slight excess of ammonia is added 
and tne ferric hydroxide, etc., which will carry down practically all of the phosphorus, 
is filtered and washed thorou^ly with hot water. Solution is made of the precipitate 
in hot dilute (sp.gr. 1.135) nitric acid and the phosphorus is precipitated with “ moiyodate 
solution” and detennincil os describetl for wulfenite. 

(6) Wulfenite. Two (2.000) grams of the agate ground sample of wulfenite are 
treated with 20 cc. of nitric acid (sp.gr. 1.42) and 10 cc. of sulphuric acid (sp.gr. 1.84) 
in a 150 cc. beaker. The liquid is heated for a short while at a temperature just below 
the boiling point and then boihxl until fumes of sulphuric anhydride are freely evolved. 
The residue is taken up with 40 cc. of water, boiled a few minutes, cooled, filtered into a 
300 cc. Erlenmeyor flask, and the lead sulphate, silica, etc., arc washed with cold 10% 
sulphuric acid and discardini. 

A few drops of strong iicrmanganatc solution (25 grams per bier) are added to the 
filtrate from the lead sulphate and it is boiled to insure complete oxidation of the phos¬ 
phorus to the tribasic condition. Just sufficient sulphurous acid is added to decompose 
the excess of permanganate or separated numganesc oxide and the boiling is continued 
for a minute or two longer. 

The acid solution is nearly neutralized with ammonia, partly cooled, and to it there 
are addeii one gram of tartaric acid and then a slight exi^css of ammonia. If less than 
2 grams of sample should be employed, as in case of very high phosphorus ores, corri^ 
spondingly less tartaric is to be used, since an exiess tends to prevent complete precipi¬ 
tation of the phosphorus. 

Twenty cc. of “magnesia mixture” and 4 or 5 glass beads (6 mm. diameter) are 
added to the warm solution and it is thoroughly chilled by immersion in a mixture of 
crushed ico and salt. The contents of the flask arc then vigormsly shaken (an efficient 
shaking machine can be used to advantage) for aliout 15 minutes, the solution being 
chilled several timew during the shaking. 'I’he glass Ix^ads aid in starting the precipi¬ 
tation of the magnesium ammonium phosphate, hlfteen cc. of ammonia (sp.gr. 0.1)0) 
are next introdiu^eil and the contents of the flask are again thoroughly cliillcd and shaken 
briskly for 10-15 minutes longer. The flask is then packed in ice in a refrigerator and 
allowed to stand for 15 hours. 

The magnesia precipitate, which may contain small amounts of basic magnesia 
compounds, iron, and possibly tartrates, is filtered on a 9 cm. paper and washed thor¬ 
oughly with cold 10% ammonia water. The glass beads are transferred to the filter 
but no attempt is made to remove alt of the iirecipitale from the flask. Under the 
conditions described, molybdenum, tungsten, and vanadium should all pass completely 
into the filtrate. 

Solution is made of the magnesium ammonium phosphate in the least necessary 
amount of hot dilute hydrochloric acid and the paper is washed with hot water. The 
filtrate and washings are caught in the same 300 ce. Erlenmeyer flask and evaporated 
down to a volume of approximately 5 cc. After cxioling, addition is made of 10 cc. of a 
saturated solution of sulphurous acid, the flask and its contents arc permitted to stand 
in a warm place for 5 or 10 minutes, 20 cc. of hydrochloric acid (sp.gr. 1.20) are added 
and the solution is evaporated to a bulk of about 5 cc. to exjiel completely arsenic. 
Twenty cc. of nitric acid (sp.gr. 1.42) are addid and the solution is again boded down 
to a volume of about 10 cc. in order to eliminate practically all of the hydrochloric acid. 
After having been diluleil with .50 cc. of water, the solution is oxidizeif by boiling with 
an excess of strong permanganate solution (25 grams jier liter) and then cleared by the 
addition of a few ec. of sulphurous acid. The liiiuid is boiled for a minute or two to 
expe^nitrous fumes, and then cooled. A piece of litmus paper is dropped into the solu¬ 
tion and a slight excess of ammonia (sp.gr. 0.90) is added. This is followed by addition 
of an excess of 1 or 2 cc. of lolorlcss nitric acid (sp.gr. 1.42). The tcmticrature of the 
solution is brouglit to 40° C. and the phosphorus is preripitated by addition of 40 cc. 
of “molybdate solution” and five minutes’vigorous shaking. Determination is made 
of the phosphorus in the ammonium phos|>homolybdatc by cither the Alkalimetric or 
the Molybdtmum Reduction (IDmmerton) Method. 

The “ magnesia mixture ” is prepared in the following manner: Fifty-five grams of 
orvstaUizod magnesium chloride, MgCli-OIIjO, or twenty-five grams of the anhydrous 
salt, are dissolved in water and filtered. Fourteen grama of ammonium chloride are 
dissolved in water, a little bromine water and a slight excess of ammonia are added and 
the solution is filtered. The two solutions are mixed, sufficient ammonia is added to 
give a decided odor, and enough water is added to bring the volume up to one liter. 
The solution is allowed to stand for several days with occasional vigorous shaking and 
is filtered into one or more ceresin bottles. Ten cc. of the reagent will precipitate about 
0.065 gram of phosphorus. 



NICKEL 

Nl, al. wl. 68.69; sp. gr. 8.6-S.9; m. p. 1458'’ C.; oxides, NIO, NiiOi, Nl,0«. 

DETECTION 

After bringing the sample into solution by one of the methods described under 
Preparation and Solution of the Sample, silica is removed, if present, in the usual 
manner, by evaporating the solution to dryness in the presence of an excess of 
hydrochloric acid, dissolving the residue and boiling with hydrochloric acid and 
filtering off the silica. 

Hydrogen sulphide is then passed through the solution to remove the elements 
precipitated by this reagent. The filtrate from this precipitation is then boiled 
to expel the excess of hydrogen sulphide and a little nitric acid added to oxidize 
any ferrous iron to the ferric state. (See page 331, Separations.) Ammonium 
hydroxide is then added to precij)itate iron, aluminum and chromium. Cobalt, 
nickel, manganese and zinc are precipitated from the filtrate by adding a .solution 
of colorless ammonium sulphide or by passing hydrogen .sulphide thn>ugli the 
anunoniacal solution. Manganese and zinc are sepivrated from the precipitate 
by washing with cold hydrochloric acid of about 1.035 sp.gr. A small quantity 
of the precipitate is fused with borax in the loop of a clean platinum wire. A 
green color in the cool bead indicates nickel. Fairly small (juantities of cobalt 
interfere with this test, so if the bead is colored blue it will be necessary to make 
further tests for nickel. 

Dimethglglgoxime will precipitate nickel as oxime from an acetic acid solution 
containing sodium acetate and in this manner separate it from cobalt, manganese 
and zinc. After precipitating iron, aluminum and chromium and filtering them 
off, the solution is slightly acidified with hydrochloric acid, then is neutralized 
with sodium hydroxide, and acidified with acetic acid. A solution of dimethyl- 
glyoxime is added, when nickel, if present, will be precipitated ns a flocculent red 
precipitate. 

Nickel may be detected in the presence of cobalt by adding a solution of 
sodium hydroxide to the solution of cobalt and nickel until a sliglit precipitate 
is formed, then somewhat more potassium cyanide than is neces.sary to redissolve 
the precipitate and finally two volumes of bromine water. Wann gently and 
allow to stand for some time. If a precipitate of nickel hydroxides separates, 
filter, wash and test with the borax Ixiad. , 

Nickel may also be detected in the presence of cobalt by precipitating the 
cobalt as nitrite, as described in the chapter on cobalt, and then precipitating the 
nickel as hydroxide with sodium hydroxide and bromine water and testing the 
precipitate with the borax bead. 

Ab>ha benzildioxime added to an ammoniacal solution of nickel precipitates 
an intensely red salt having the composition CaHMN 404 Ni. This precipitate 
is very voluminous. Silver, magnesium, chromium, manganese and zinc do not 
interfere with this reaction. 

Chapter by W. I,. Saveli. Paul D. Mercia and Thos. Fudge. 
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ESTIM^il'ION 

The determination of nickel is required, principally, in the analysis of ores, 
metallic nickel and its alloys, but is also required in the analysis of metallic 
cobalt and cobalt products as well as in a host of miscellaneous materials. 

In the majority of ciuses the results of a nickel determination are calculated 
in terms of metallic nickel. Even in the determination of nickel in nickel-plating 
so^tion the results are calculated' in terms of metallic nickel since this is the 

factor by which the solutions are contn)lled. 

• ^ 

Preparation and Solution of the Sample 

The materials in which nickel occurs ordinarily, may, in general, be brought 
into solution by treatmctit with acids, but in the ca.se of some refractory ores and 
alloys, a fusion is required first to make the acid treatment effective. When 
treating ores containing sulphides or arsenides a strong oxidizing treatment is 
necessary to break up these compounds. Metallic nickel may be dissolved easily 
in nitric acid, more slowly in hydrochloric acid and still more slowly by sulphuric. 
Nickel alloys may be dissolved in a mixture of hydrochloric acid and nitric acid. 

General Procedure for Ores. One gram of the finely powdered ore is weighed 
into a porcelain dish and mixed intimately with 3 grams of powdered potassium 
chlorate. The dish is covered with a watch-glass and 40 cc. concentrated nitric 
acid added slowly. The dish is allowed to stand in a cool place for a few minutes, 
then placed on a water bath and digested until the sample is completely decom¬ 
posed, stirring the mixture fre<iucntly with a glass stirring rod, and adding a little 
potassium chlorate from time to time until the decomposition is complete. The 
watch-glass is then removed and any particles that may have spattered on it 
are washed back into the dish and the evafwration continued to dryness. This 
evaitoration to dryness is repeated with the addition of 10 cc. of concenlrated 
hydrochloric acid, and the silica dehydrated by heating for an hour or more in an 
air oven at 10° C. The dry residue is moistened with eoncentrated hydrochloric 
acid and the sides of the dish washed down with hot water, the mixture heated 
to boiling and allowed to lioil for a few minutes, then withdrawn from the heat 
and filtered, hot, after the insoluble matter has s(!ttled. 

Treat the filtrate for the removal of interfering elements as directed under 
Separations. 

Fusion Method. The above method is used where it is desired to determine 
insoluble matter or “ ganguc.” As a method of bringing the nickel in the sample 
dissolution it is quite satisfactory and when the imsolubic matter bums to a 
white ash the ignited residue may be weighed as silica, but in some cases 
tlUs method does not give sufficient information regarding the composition of 
the gangue. 

If it is necessary to make a complete analysis it is usually better to fuse the 
sample with the sodium and potassium carbonate mixture containing a little 
potassium nitrate and then treat in the usuid manner to determine silica. 

Potassium Bisulphate Fusion. In the treatment of nickel and cobalt oxides 
these are ground to a fine powder and a representative sample of 1 gram is fused 
with 10 grams of potassium bisulphate. This may be done in a porcelain or 
sOica crucible or dish. The melt is extracted with water and the silica filtered off. 

A small casserole has been found to be very useful for this fusion. 
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Solution ot Metallic Nickel and Ita AUoys. From llo 5 grama of the well- 
mixed drilling are treated with a minimum quantity, of nitric acid and 20 cc. 
1 ; 1 Bulphuric acid added and the solution evaporated to fumes of sulphur tri¬ 
oxide. Allow the fuming to continue for ten minutes. Dilute carefully with a 
little water and filter off the insoluble. Continue as directed in the following 
detailed analyses. 

It may be necessary to use a mixture of nitric and hydrochloric acids to bring 
certain alloys into solution, after which the procedure is the same as above. 


SEPARATIONS 

Separation of the Ammonium Sulphide Group, Containing Nickel from 
the Hydrogen Sulphide Group. Mercury, load, Hismuth, t^)pper. Cadmium, 
Arsenic, Antimony, Tin, Gold, Molybdenum, etc. 

The hydrogen sulphide group elements are precipitated from an acid solution 
(HCl) by HjS, and removed by filtration, nickel, etc., passing into the filtrate. 

Separation of the Ammonium Sulphide Group from the. Alkaline Earths 
and Alkalies. Nickel is precipitated with other members of the group by 
pasfiing H 2 S into its ammoniacal solution, or by adding (NH,).H solution. The 
alkaline earths and alkalies arc not precipitated. 

Separation of Nickel from Cobalt. This pn>cedure can Ije carried out in 
exactly the same manner as the method given for the detennination of nickel 
by precipitation of nickel with dimethylglyoxime, since cobalt is soluble as oxime. 
In case more cobalt is present than ni(?kel a larger excess of the reagent ii'.ust be 
used. The excess of acid is best neutralized with ammonium hydroxide. If 
both metals are to be determined, cobalt may be detennined electrolytically 
in the filtrate. 

An alternate method is to detennine the cobalt and nickel as oxides, or metal 
by electrolysis, tog(!ther. The oxides, or plate, arc dis.solved in nitric acid and 
the nickel determined in the solution, cobalt being found by difference. 

For other methods sec Separation of Cobalt from Nickel, under Cobalt, page 168. 

Separation of Nickel from Manganese. Nickel is precipitated by climcthyl- 
glyoxime from an acetic acid .solution containing sodium acetate, manganese 
being determinpd in the filtrate. 

Separation of Nickel from Zinc. Zinc does not interfere in the dimethyl¬ 
glyoxime precipitation of nickel when ammonium salts are present. It is advis¬ 
able to precipitate the nickel in a dilute acetic acid solution, thus avoiding the 
addition of a large amount of animonium salts as would te necessary if the pre¬ 
cipitation took place in an ammoniacal .solution. Zinc readily remains in solu^n, 
and may be determined in the filtrate from the nickel oxime precipitate. T|||p 
following procedure is recommended; 

' The solution containing the two metals is neutralized with ammonium hydrox¬ 
ide and then made just slightly acid with acetic acid and sodium acetate added. 
Dimethylglyoxime solution is now added to the solution, which is nearly boiling, 
and the procedure given for the determination of nickel by this reagent is followed. 

Separation of Nickel from Iron. Nickel cannot be separate satisfactorily 
from iron by precipitating the latter with ammonium hydroxide, as some of the 
nickel is invariably occluded by the ferric hydroxide precipitate. Two modi¬ 
fications of the oxime method may be used. 

(1) The iron, if present as a ferric salt, is converted into a complex salt by 
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adding from 1 to 2 grams of tartaric acid, and the solution diluted to 200 or 300 
cc., boiled and the nickel precipitated as the oxime in an ammoniacal solution 
by the prescribed method. Iron forms no oxime under these conditions. 

The iron may be precipitated from this filtrate by colorless ammonium sul¬ 
phide and the sulphide converted to ferric oxide (FejOa) by ignition. 

(2) Ferric iron is reduced to the ferrous condition by warming with sulphurous 
acid, in a nearly neutral solution. If the original solution has an excess of acid, 
it is treated with a solution of sodium hydroxide until a pennanent precipitate 
is formed. This is dissolved with a few drops of hydrochloric acid and the iron 
reduced by adding from 5 to 10 cc. of a saturated solution of sulphur dioxide or 
by passing dioxide through the solution. The solution is diluted to 200 or 300 cc. 
and the solution of dimethylglyoxime added in slight excess, followed by sodium 
acetate until a pennanent precipitate of nickel oxime is formed. After adding 2 
grams more of sodium acetate the solution is filtered unmediately. The iron 
is precipitated from the filtrate by oxidizing with bromine water and adding 
ammonium hydroxide to precipitate the basic acetate of iron. 

Procedure (1) is suitable for the determination of nickel in iron and steel. 

Separation of Nickel from Aluminum. This method is the same as pro¬ 
cedure (1) given aliove. 

Separation of Nickel from Chromium. This separation cannot be carried out 
in an acetic acid solution. From 1 to 2 grams of tartaric acid are added and from 
5 to 10 cc. of a 10% ammonium chloride solution, subsequently. The solution 
is made ammoniacal, but no precipitate should fonn. If the solution becomes 
cloudy, it Is acidified with hydrochloric acid and additional ammonium chloride 
added and again made ammoniacal and the nickel precipitated as oxime accord¬ 
ing to directions given from this precipitation. 


GRAVIMETRIC METHODS FOR THE DETERMINATION 
OF NICKEL 

Precipitation of Nickel by Alpha Benzildioxime 

The alcoholic solution of alpha Iwn/.ildioxime gives an intensely red precipi¬ 
tate of CalluNiOiNi, when added to anunoniacal solutions containing nickel. 
The reaction is more characteristic for nickel than is that with dimethylgly¬ 
oxime and is more delicate. In a volume of 5 oc. (according to F. H. Atack), 
1 part of nickel in 2,000,000 parts of water may be detected. In the presence of 
100 times as much as cobalt only a faint yellow color is produced by the cobalt. 
One part of nickel per million of water will cause precipitation with the compound, 
whereas no precipitate is formed with dimethylglyoxime under the same condi¬ 
tions. With glyoxiine iron produces a pink color, with alpha benzildioxime 
ferrous salts give a faint violet color, hence do not interfere in the detection of 
nickel. Silver, magnesium, chromium, manganese, and zinc do not interfere. 
Since the nickel precipitate with this reagent is exceedingly voluminous it is 
advisable to have not more than 0.025 gram of nickel in the solution in which the 
nickel is being determined. The method is adapted to the detection and 
determination of minute traces of the element up to small amounts of less than 
10% nickel. 
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Reagent, Alpha Benzildioxime. This may be prepared by boiling 10 grams of 
benzil (not necessarily pure) with 8 to 10 grams of hydroxylamine hydrochloride 
in methyl alcohol solution. After boiling for three hours the precipitate is 
filtered off and dried, washed with hot water and then with a small amount of 
50% alcohol, and dried. This dried precipitote consists of pure benzildioxime 
(m.p. 237’ C.). A further yield may be obtained by boiling the filtrate with 
hydroxylamine hydrochloride. The reagent is prepanxl by dissolving 0.2 gram 
of the salt per liter of alcohol to which is added ammonium hydroxide to make 
5% solution, sp.gr. 0.96 (50 cc. per liter). 

Procedure. A slight excess of the wanned solution of the above reagent is 
stirred into the ammoniacal solution containing nickel and the whole heated 
on the water bath for a few moments to coagulate the precipitate. (Quantitative 
precipitation is complete after one minute. The licpiid is filtered through a 
Gooch crucible, with suction, or onto a filter pai3er, for which a counterpoise 
has been selected. The counterpoise paper is treated in exactly the same manner 
as the one containing the precipitate. The precipit.ate is washed with 50% 
alcohol, followed by hot water, and is then dried at 110° C. In weighing the 
precipitate the counterpoise filter is placed in the weight pan of the balance. The 
precipitate contains 10.93% nickel. Weight of C2»Il2jN4O4NiX0.1093 = Ni. 

Notes. Acetone may be used instead of alcohol as a solvent of the reagimt. The 
conipound is more soluble in acetone than in alcohol. 

The precipitate docs not pass through the filter as docs the coinpound with diincthyl- 
glyoxime. 

'J'he method is affected by the presence of nitrates, hence these must be renioved 
by evaporation of the solution with sulphuric acid to fumes, before the addition of 
the reagent to the nickel solution. 

In the presence of cobalt an excess of the rcjigcnt must be used, as in the case of 
the dimcthylglyoximc preci)>itation. 

In the presence of iron and chromium Rochelle salt, sodium citrate or tartaric 
acid are added to prevent precipitation of the hydroxuhss of these metals upon making 
the solution alkaline. . . 

In the presence of manganese a fairly large excess of the reagfmt is required, the 
solution bemg slightly acid with acetic acid. , ., 

Zinc and magnesium arc kept in solution by addition of ammonium chloride. 

Large amounts of copper must bo removed by precipitating with hyilrogen sul¬ 
phide liefore addition of the reagent. 

The nickel salt with the reagent forms an extremely voluminous precijiitate so that 
a concentration of 0.09 gram of nickel per 250 cc. i.s as high as is desirable. The 
process is applicahl© to the detcmiiiation of nickel in the filtrate obtained in the 
separation of zinc after the removal of the hydrogen sulphide^ormic aciiL etc. 

Method by F. W. Atack, The Analyst, 88, 448, 318. Cockbum, Gardiner and 
Black, Analyst, 88, 439, 443. 


Precipitation of Nickel by Dimethyl-glyoxime 

Preliminary Considerations. This method has been demonstrated by O. 
Brunck to be the most accurate and expeditious procedure known for nickel.* 
By this method 1 part of nickel may lie detected when mixed with 5000 parte of 
cobalt or 1 part of nickel may be detected in 400,000 parte of water. The 
nickel precipitate with this reagent is almost completely insoluble in water and is 
only very slightly soluble in acetic acid, but is easily decomposed by strongly 
dissociated acids, so that the precipitation is incomplete in neutral solutions of 
nickel chloride, sulphate or nitrate. If, however, the free acid formed is neutral- 
»Zeit. f. ang. Chem., 20,1844. 
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ized with sodium, potassium or ammonium hydroxides or by addition of the ace¬ 
tate salts of these bases, nickel will be completely precipitated, not even a trace 
being found in the filtrate. 

“ The quantitative determination of nickel in the presence of other metals 
is a simple operation. The nickel should be in the form of a convenient salt. 

“ The concentration of the solution does not matter; the precipitation can 
take place cither in a solution of the greatest concentration, or in a very dilute 
solution. The reaction is not hindered by the presence of ammonium salts.” 

Iron, aluminum, chromium, cobalt, manganese and zinc do not interfere. 
Theoretically 4 parts of dirnethylglyoxime, added as a 1% alcoholic solution, 
are necessary; a certain excess does no harm provided the alcohol volume does 
not exceed more than half that of the water solution containing the nickel salt, 
as alcohol has a solvent action on the oxime. The compound is very stable and 
volatilizes undccomposed at 250° C. 

An excess of ammonium hydroxide is also to be avoided in the solution in which 
the precipitation takes place. 

It has been observed that the precipitate of nickel with dinu^thylglyoxime 
may bo safely ignited to the oxide NiO without loss, if the filter is first care¬ 
fully charred without allowing it to take fire, then gradually heattsl to riKlness. 

Procedure. Such an amount of the sivmple should be taken that the nickel 
be not over 0.1 gram, as glyoxime of nickel is very voluminous and a larger amount 
would be difficult to filter. If cobalt is present it should not exccjed 0.1 gram 
in the sample taken.' 

If hydrogen sulphide has been used to precipitate members of the second 
group, it is expelled by boiling the acid solution and the volume brought to 250 cc. 

One or 2 grams of tartaric acid are added to prevent the precipitation of 
the hydroxides of iron, aluminum and chromium by ammonium hydroxide 
(this treatment is omitted if these are absent), and 5 to 10 cc. of a 10% solu¬ 
tion of ammonium chloride added to ke(>p zinc and manganese in solution, .should 
they be present. Ammonium hydroxide is now added until the solution is slightly 
alkaline. If a precipitate forms, ammonium chloride is added to clear the 
solution, followed by ammonium hydroxide to neutralize the acid. The solu¬ 
tion should remain clear after this treatment, otherwi.se the ammonium chloride 
is added in solution or as salt until the solution of the samjde will remain clear. 
It is then heated to nearly boiling and the alcoholic solution of dirnethylglyoxime 
added until the reagent is approximately seven times, by weight, the weight of 
nickel present. Ammonium hydroxide is now added until the solution has a dis¬ 
tinct odor of this reagent. The precipitation of the scarlet red nickel salt is hast- 
ene<l by stirring. It is advisable to place the mixture on the steam bath for 
fifteen to twenty minutes to allow the reaction to go to completion before filter¬ 
ing. The precipitate is filtered off, into a platinum sponge Gooch crucible, some¬ 
times known as a Neubauer Gooch crucible. (Other forms of Gcwch crucible 
are used for this purpose, but the Neubauer cnicible has been found to be most 
satisfactory.) The precipitate is dried for about two hours at 110 to 120° C. 
and weighed as CtHuNjOtNi, which contains 20.32% Ni. 

Weight of precipitate multiplied by 0.2032 «= weight of nickel. 

* If the sample contains more than 0.1 gram of cobalt, a large excess of ammo¬ 
nium hydroxide and dirnethylglyoxime is necessary to prevent ita precipitation, 
hence it is advisable to take such weights of samples that the cobalt content wul be leas 
than this weight. 
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In place of a Oooch crocible a tared filter paper may be used. It must be remem¬ 
bered, however, that a blank filter paper of the same kind as used for the precipitate 
must be used as a counterbalance, after treating in exactly the same manner as the 
one containin(^ the precipitate. This is necessary because it has been found that filter 
paper loses weight during washing and drying. 


Precipitation of Nickel by Electrolysis' 

This precipitation is conducted in exactly the same manner as the one 
described under Cobalt for the Precipitation of Cobalt by Electrolysis, and 
requires that the same precautions be exercised in the practice of the method. 

In the presence of cobalt the two elements may be determined together 
by electrolysis as described below and the deixisited metal redissolved and the 
two elements separated by one of the methods given under Cobalt or Nickel. 

Procedure. After the sample has been brought into solution by one of the 
methods outlined under Preparation and Solution of the Sample, the solution 
is evaporated with 20 cc. of 1 : 1 sulphuric acid for every gram of metal in the 
sample. The evaporation is continued until the solution has fumed strongly 
for ten minutes. Cool carefully and dilute with 20 cc. of water. Heat the solu¬ 
tion to nearly boiling and pass hydrogen sulphide for one hour to precipitate 
members of the second group. This long treatment is nece.ssary to insure com¬ 
plete precipitation of arsenic. Filter and boil to exiicl hydrogen sulphide. Add 
5 cc. nitric acid to insure oxidation of iron compounds to the ferric state and add 
ammonium hydroxide until just slightly alkaline. Filter off the ferric hydroxide 
and wash with water containing a small quantity of ammonium hydroxide. To 
recover occluded nickel dissolve the precipitate in hydrochloric acid and repre¬ 
cipitate the iron with addition of a little hydrogen peroxide. Combine the 
filtrates. Evaporate to about 2.50 cc. and add .50 cc. of strong ammonium 
hydroxide and electrolyze as described under Cobalt, page 170. 

The increase in weight of the electrode is the weight of cobalt and nickel 
in the sample. The jiercentage of cobalt and nickel in the sample is found by 
multiplying the increase in weight of the electrode by 100 and dividing by the 
weight of the sample. 

Note. The deposition of cobalt and nickel by the alxive method has been found 
to be the most accurate of the electrolytic methods. In the solutions containing the 
organic acids there is always more or less carbide dejxisited on the cathode with the 
metal. This causes high results. 

Nickel in Metallic Nickel 

« 

This determination may be made in the manner descrilied under Precipitation 
of Nickel by Electrolysis, separating cobalt before or after the electrolysis or by 
the method described under Precipitation of Nickel by Dimcthylglyoxime. The 
latter method is recommended. 

Nickel in Cobalt and Cobalt Oxide 

The dimcthylglyoxime precipitation is used in combination with the eleo- 
trolytic precipitation. See chapter on Cobalt. 

‘ W. J. Marsh, J. Phys. Chem., 18, 705-16, 1914. 
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VOLUMETRIC DETERMINATION OF NICKEL 
Determination of Nickel in Alloys 

This method, as described by S. W. Parr and J. M. Lindgren,* consists of 
a modification of the dimethylgloxime method. The precipitation takes place 
• in the usual manner and the precipitate is dissolved in sulphuric acid and the 
excess titrated with a standard solution of potassium hydroxide. 

Procedure. The alloy is dissolved in nitrie or hydrochloric acids and if iron, 
aluminum or chromium are present twice their weight of tartaric acid is added 
to prevent their precipitation. If chromium is present anmionium chloride is 
also added. If manganese or zinc is present hydrochloric acid should be used and 
most of the free acid evaporated. Add a few cc. of hydrogen jicroxide to oxidize 
any femais iron to the ferric state. Dilute to 300 or 400 cc. and neutralize the 
tree acid by sodium acetate. Heat the solution to nearly boiling and add five times 
as much dimethylglyoxime, in 1% alcoholic solution, as the nickel present. Then 
completely neutralize with ammonium hydroxide, using a very slight excess (or 
the solution may be neutralized with sodium acetate). Heat until all the nickel 
is precipitated, hilter and wash. Place the precipitate and filter in a beaker, 
add an excess of 0.05N sulphuric acid, dilute to 2(X) cc., heat until solution is 
complete and titrate back with O.IN potassium hydroxide solution, taking the 
first faint yellowish tinge as the end-point. The solutions are standardized 
against pure nickel. 

should not exceed 0.1 gram per 100 cc. and an excess should be 
used of tho duncthylglyoxunc. 


Nickel in Nickel-plating Solutions 

In most cases it is quite unnecessary to separate the cobalt from the nickel 
in making ^thw detennination and, as the principal impurity is usually iron, the 
Dost practice is to follow tho method given under Precipitation of Cobalt by 
H'ectrolysis, page 170. 

If chlorides or organic matter are present in the solution the preparation 
of the solution for electrolysis is accomplished in the following manner: 

l^Vom the well-stirred solution in the plating tank, withdraw about 200 cc. 
Md place in a small beaker. Prepare a 100-cc. burette by thoroughly clean¬ 
ing it with the sulphuric acid and potassium bichromate mixture and distilled 
water. Wash finally with a few cc. of the nickel solution and fill the burette with 
the splution from the plating tank. 

Run 66.7 cc. into an evaporating dish and add 2 cc. 1 : 1 sulphuric acid. 
Evaporate to fumes of sulphur trioxide and allow to fume strongly for ten min¬ 
utes. DLssolve in a little water. Dilute to 200 cc. carefully, neutralize with a 
solution of ammonium hydroxide and add 50 cc. of strong ammonium hydroxide 
and electrolyze. (See Precipitation of Cobalt by Electrolysis.) 

Tho increase in weight of the cathode in gr.ams multiplied by 2 gives the 
weight in ounces of nickel in one United States gallon of the plating solution. 

‘ S. W. Parr and J. M. Lindgren, Trans. Am. Brass Founders’ Assoc., 6, 120-9. 
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Potassium Cyanide Method for Nickel^ 

The method is rapid and accurate and is especially adapted for determining 
nickel in steel. Iron, manganese, chromium, zinc, vanadium, molybdenum 
and tungsten do not interfere. Copper, however, should be removed if 
present. The method depends upon the selective action of potassium cyanide 
for nickel in preference to silver iodide, used as an indicator, the reactions taking 
place as indicated, the solution being slightly alkaline with ammonia— 

(а) .Ni(NH,).S 04 + 4KCN = K2Ni(CN)4 + K,S04 + 6NHs 

(N.B. 4KCNo Ni) 

(б) Agl + 2KCN = KAg(CN)s + KI (N.B. 2KCN => Ag) 

Reagents. 

NflO Silver Nitrate. —10.788 grams of pure silver are dissolved in nitric 
acid and made to 1000 cc. or 16.99 g. of the silver nitrate salt. (See Index for 
reagent.) 1 cc. o 0.01302 g. KCN. 

If preferred the reagent may be made to be equivalent to about 0.001 
gram Ni per cc. by dissolving 5.85 grams of AgNOs per liter. 

Potassium Iodide. —25% solution. 

N/IO Potassium Cyanide. —13.5 grams of pure KCN are dissolved in water, 
5 grams of KOH added and the solution made to 1000 cc. 

The cyanide solution is standardized against the silver nitrate solution. 

If it is desired to have a solution equivalent to 0.001 g. Ni, 5 grams of KCN 
per liter is the approximate strength required. 

Standardization of the Cyanide. —Fifty cc. of the KCN solution are diluted 
to about 150 cc., 5 cc. of the KI reagent added and the solution titrated with 
the standard AgNOa reagent until a faint permanent opalescence is obtained. 
A drop of the KCN solution should be sufficient to clear this. Note the 
number of cc. required and calculate the normality factor of the cyanide in 
terms of the silver nitrate reagent. 

Example. —Suppose 49 cc. of the silver nitrate reagent wore required for 
the 50 cc. of the cyanide solution, then the normality would be 49 -4- 50 X N/10 
or 0.98 N/10. 

1 cc. N/10 solution is equivalent to 0.002934 gram nickel. 

The reagent may be standardized against a nickel steel of the U. S. Bureau 
of Standards, following the procedure given below and calculating as follows: 

Gram Ni in standarcl taken__. 

actor KCN required) — (cc. KCN equivalent to 5 cc. AgNQi) 

Citric Solution. —200 grams of (NH4)2S04, 150 cc. concentrated NH 4 OH 
and 120 grams of citric acid per 1000 cc. 


28 
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Procedure.' 

One gram of the steel drillings or such an amount of material as contains 
not over 0.1 g. Ni, is dissolved in a beaker with 20 cc. of hydrochloric acid 
(1 : 1). When action ceases 10 cc. of nitric acid (1 : 1) are added and the 
solution boiled until the nid nitrous acid fumes are driven off. 

About 100 cc. of the citrate .solution are added. If 2 per cent, or more of 
chromium is prc.sent the amount of citrate solution is doubled. The solution is 
now diluted to about 2.50 cc. 

Exactly .5 cc. of the standard silver nitrate solution are now added from a 
pipette or burette, and then ammonium hydroxide, drop by drop, until the 
cloudiness caused by the silver chloride just disappears. Two cc. of the 
potassium iodide solution are now added. 

The solution is titrated with the standard potassium cyanide solution with 
constant stirring until the turl)i(lity just disapix'ars. The end point is reached 
when there is no longer a distinction in clearness of the drop of the reagent 
and its surrounding liquid to which it is added.' 

If the end point is i)assed, a measured amount of silver nitrate (.5-10 cc.) 
is added and the cyanide titration repeated. 

Calculation, —Deduct the cc. K(1N equivalent of the total silver nitrate 
solution used from the total cc. of the KCN solution re(|uired in the titration. 
The remainiler is the potassium cyanide required by the nickel. 

The cc. KCN required by Ni multiplied by the factor for Ni = gram nickel 
in the sample. 

1. A large excess of ammonia is to be avoided as the Agl is soluble in a 
large excess. 

2. The presence of sulphates increa.ses the sensibility of the end point. 

3. The silver nitrate solution should not be stronger than that indicated 
in the method as there is danger of the iodide of silver settling out as a curdy 
precipitate in stronger solutions. 

4. A white film is apt to form on the surface of the liquid if exposed to the 
air for some time. This produces no error. 

Carnot’s' Qravimetric Oxide Method for Nickel 

Sodium carbonate is added to the nickel solution, in slight exce.ss until 
alkaline. Nickel is now precipitated with ammonia or ammonium carbonate 
from a boiling solution. The precipitate is filtered, washed and ignited to 
oxide, NiO, and so weighed. 

Determination of Nickel in Nickel Steel—Ether Extraction 
Cyanide Titration Method 

The following procedure is recommended by the A. S. T. M. 

Reagents Required 

Hydrochloric Acid. —600 cc. HCI (d. 1.2) dil. with 400 cc. water. 

Nitric Acid. —1000 cc. UNOa (d. 142) and 1200 cc. water. 

Potassium Iodide. —20 grams per liter. 

Silver Nitrate. —0.5 g. per liter. 

Potassium Cyanide. —4.589 grams KCN per liter. The reagent is stand- 
* A. Carnot, Jour. Chem. Soc., 1918, II, 133. 
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ardized against nickel steel of known nickel content as determined by the 
gravimetric dimethylglyoxime method. 

Procedure. A sample of 1 gram of steel is dissolved by addition of 20 ce. 
of the dilute hydrochloric acid and then the iron oxidized by addition of 2 ce. 
of strong nitric acid (d. 1.42) and the solution boiled to oxi)el the brown nitrogen 
fumes. After cooling the solution is transferred to an 8-oz. separatory funnel, 
hydrochloric acid being used to rinse out the containing beaker into the funnel. 
The solution is shaken with 50 cc. of ether for about 5 minutes, then allowed 
to settle for 1 minute and the lower clear layer drawn into a second separatory 
funnel (8-oz.). To the first ether solution are added 10 cc. of strong HCl 
(d. 1.2), cooling, and then shaking as before. After settling 1 minute the 
lower layer is drawn into the second separatory funnel. .50 cc. of ether arc 
added to the second separatory funnel, the solution shaken for 5 minutes, 
then settled 1 minute, and the lower clear layer drawn into a 150-cc. beaker. 
The ether is expelled by gentle heat. 0.2 gram of potassium chlorate is adiled, 
the solution boiled to decompose the chlorate, then diluted to 100 cc. with 
hot water, and made faintly ammoniacal and boiled for 5 minutes. The 
manganese dioxide is filtered off and washed with hot water. I'o the filtrate 
are added 10 cc. of strong hydrochloric acid, the solution heated just short 
of boiling and copper precipitated with fLS, and filtered off and washed 
w'ith hot water. The filtrate is boiled to expel H^S, and the boiling continued 
until the volume is reduced to about 100 cc. The solution is cooled, made 
distinctly ammoniacal, 10 cc. each of silver nitrate and potassium iodide 
solutions added and the solution titrated with standard pota.ssium cyanide to 
a clear solution. 


Determination of Bismuth in Metallic Nickel 

Dissolve 20 grams of nickel drillings in 200 cc. 1 to 1 nitric acid in an 800-cc. beaker. 
Add 5 grams of potassium chlorate, boil for ten minutes. Cool and add 75 cc. of 
sulphuric acid. Evaporate until fuming strongly, cool. Add tiOO cc. of water, lioil 
gently to insure solution of all the bismuth sulphate. Cool again, filter and wash with 
1 to 10 sulphuric acid. Do not allow to stand too long Iwforc filtering, some basic 
bismuth sulphate may separate. Pass a current of hydrogen sulphide gas through 
for one half hour. Bismuth, copper, arsenic, antimony, etc., are precipitated as sul¬ 
phides. Kilter, washing with hot water. Kinse the precipitate os completely as 
|K>ssible into a beaker, add 3 or 4 grams of pure ixitassiuni cyanide, warm gently for 
some time. Bismuth sulphide will remain undissolved. Filter through same filter as 
Ixifore, in order to act upon traces of sulphides that could not be washed into the Ixiaker, 
and wash with hot water. Place the filter and precipitate into a 100-cc. lip Ijeakcr 
and heat with 10 cc. of 1 to I nitric acid until the separated sulphur is clean and the 
filter well disintegrated. Dilute a little and then filter and wash thoroughly with 1 
to 1 nitric acid. Partially neutralize the filtrate with ammonia, but without priMucing 
any permanent precipitate, and then add a solution of ammonium carlx)natc in very 
slight excess. Heat nearly to boiling for some time until the bismuth carlwnate has 
settl^ well, and then filter and wash with hot water. Dry the precipitate and transfer 
it to a small weight porcelain crucible, itunoving it from the paper as completely us 
possible. Burn tne latter carefully and add the ash to the precip^atc in the crucible. 
Ignite the whole at a low red heat, cool and weigh as BijOj, which contuina 89.68 per 
cent of bismuth. 
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Determination of Lead in Metallic Nickel 

Dissolve 20 gruins of nickel drillings in 200 cc, of 1 to 1 nitric acid in a 1200-cc’ 
boakcr. Evaporate to 100 ec. Add 100 cc. sulphuric acid and evaporate to heavy 
fumes. 

Cool and add 800 cc. water. Boil gently to insure solution of sulphates, cool and 
add aX) cc. of O.'i txir amt alcohol, stir and allow to stand over night. 

Filter off the lead sulphate and wash two or three times with 2 per cent sulphuric 
acid and once with cold water. Place filter pajxm, containing the lead sulphate, in a 
beaker and add 10 grams of slightly ammoniacal ammonium acetate and 50 cc. of water. 
Boil a few minutes. Filter and wash with hot water. 

Filtrate, containing all the lead in solution ns the acetate, is acidified slightly with 
acetic acid and hcati^d to boiling. Precipitate lead by adding 20 cc. of a 5 per cent 
solution of potassium dichromate. Boil until precipitate changes to orange or red. 
Allow precinitate to settle over night. 

Filter tne lead chromate on a weighed Gooch crucible. Wash with water and 
finally with alcohol. Dry at 110° C., and weigh as PbCrOj, which contains 64.10 per 
cent of lead. 


Determination of Aluminum in Metallic Nickel 

Dissolve 10 grams of nickel drillings in 1(X) cc. dilute nitric acid (one part water, 
two parts nitric acid) in a (i00-<!c. covered beaker, add 1 or 2 grams potassium chlorate, 
boil for one hour, add nlmut 10() cc. cold water and alx)ut 5 grams ammonium chloride, 
make slightly alkaline with ammonia. Transfer to a .500-cc. platinum dish. Boil a 
few minutes, filter off iron and aluminum hydrates and wash with hot water two or 
three times. 

The precipitate is again transfernal to .500-(;c. platinum dish by rcdissolving in 
1 to 3 hydrochloric acid, add a few grams of ammonium chloride, make slightly alkaline 
with ammonia. Boil a few minutes, filter off iron and aluminum hydrates and wash 
with hot water two or three times. Ue|xiat re-di.ssolving and ammonia precipitation 
with addition of a f(;w grams of ammonium chloride. After final re-precipitation 
transfer the precipitate to lOO-cc. platinum dish by washing and dis.solving the precipitate 
in 1 to 3 hydrochloric acid. Kvaimrate to dryness on a steam bath. Add 2 grams 
piirc sodium hydrate and about 2 cc. of water. Fu.se at low temperature for ten minutes. 
Cool and add alrout .50 ec. of water. Place on steam bath for a few minutes. Transfer 
to a 500-cc. platinum dish, add 300 cc. of water. FilbT into a .500-cc. casserole con¬ 
taining 30 cc. of hydrochloric acid. Evaiiorate the filtrate to dryness on the hot plate. 
Add 50 cc. 1 to 3 hydrochloric a<'id, boil and filter into a 200-cc. platinum dish. Add 
a few grams of ammonium chloride to the filtrate ami make it slightly alkaline with 
ammonia. Boil a few minutes, filter on ashless pajxir, wash with hot water. Ignite in 
a small platinum crucible and weigh as AbOj which contains 53.00 per cent of aluminum. 

Note. If the aluminum o.xidc should contain a small amount of chromium, it 
should bo fused with .sodium peroxide and the chromium determined by color. Deduct 
the weight of chromium oxide found from the weight of aluminum oxide. 

Note. Run a blank analysis; that is. add to it all the reagents, and subject the 
contents to the same operations ns the samples of drillings and at the same time. Deduct 
any alumina contained from the result of the actual assay. If this blank amounts 
to .004 gram, the reagimts are unfit for the alwvo analysis and the determination should 
be repeated with other reagents. 

This method is devised for Metallic Nickel as furnished by The International 
Nickel Company (Huntington Works). 
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Method of Determining Silicon, Tungsten and Chromium in 

Metallic Nickel 

Dissolve 1 gram of drillings in 50 cc. 1 to 1 hydrochloric acid in a 200-cc. lip beaker. 
Add a few drops of nitric acid at intervals until sample has dccumpo.sed. Add 5 cc. 
nitric acid, lioil down to 10 cc. Add aUiut 50 cc. of water and lioil for five minutes 
and filter. Wash well with 5 per cent hot hydrochloric acid and finally with water. 
Evaporate filtrate to drynes.s, take up in 25 cc. of 1 to 1 hydrochloric acid, dilute to 
50 cc., bod, filter and wash with hot water. Ignite the tw'o precipitates in a weighed 
platinum crucible, lieing careful not to heat almve a red heat. Cool and weigh. 

Add 3 drojXH of sulphuric acid and 5 cc. hydrofluoric acid, evafiorate and ignite at 
low red heat. Cool and weigh. 

Ixias equals .SiOjX.4(i93 equals .Silicon. 

The re.siduc is impure tungstic oxide. To purify it, fuse it with 5 grams sodium 
carlxmate, dissolve and filter off residue. Wash with hot water, ignite, weigh and 
subtract from weight of impure tung.stic oxide. 

WO 3 X .793 equals Tungsten. 

Add to the filtrate which contains the Chromium 15 cc. of sulphuric acid plus 15 cc. 
of nitric acid and evaporate to fumes. 

Add 25 cc. nitric acid, dilute to 2(X) cc., boil until .salts arc all dis.solved. Oxidize 
by adding slowly 3 grams potassium txfrmanganate dis.soIvctl in a small amount of water 
until a permanent color remains, showing an exress of |)ermnngan.'ite. Decom|X)He 
the excess of ix;rmanganate by boiling twenty minute.s. A precipitate of manganese 
dioxide should remain. If none remains, add more iHitjLssium iHTinangniiate. Keep 
volume of solution aiiproximiitely constant. Filter off manganese dioxide;, cool to 
room temjjerature, dilute to 3.50 cc., .add an exce.ss of standard ferrous ammonium 
sulphate and titrate excess with standard i»ta.ssium iK-rmanganate to a pink color 
which remains one minute. 

Having found by titration the exce.s.s of ferrous ammonium sulphate and deducted 
this from the total amount of the s.alt used, the weight of the remainder multiplied by 
.04427 equals Chromium, or the Iron value of the ferrous ammonium sulphate multiplied 
by .31 equals Chromium. 

Method for Determining Arsenic, Antimony and Tin in 
« Metallic Nickel 

Dissolve 5 grains of the nickel drillings in 50 cc. of 1 to I nitric :»cid in a l45-cc. 
covered silica crucible. Cool and add 10 cc;. sulphuric acid, <;va|>orat(; until fumes <)f 
sulphuric acid arc given off copiously, cool, then add 25 cc. water. cvaiKiratc until 
the fumes of sulphuric acid are almost all driven off, cool and add aiMiut 30 grams of 
I^tassium bisulphatc (fused). Ku.se and k(*(‘p in a fu.st*d condition for one half hour. 
Cool and transfer the fusion after lireaking it un in a jxircclain nuirtar to IG-oz. distilling 
flask (as per Rawing). Allow the outlet of the comlcuwor to dip alsnit one half inch 
into beaker half full of cold water, then add 5 grams anhydrous ferrous sulphate to the 
distilling flask, then add 150 cc. hydrochloric acid and distil to aliout 30 cc., then add 
50 cc. more hydrochloric acid and distil again to about 30 cc., remove lx;akcr containing 
water and distillate and place another jx*aker half full of cold water under the oiUlct 
of the condenser. Again add ^ cc. hydrochloric acid and distil to about 30 cc. Pass 
hydrogen sulphide gas through both distillates to nrecipitatc the arwmic iw a^nous 
sulphide. All the arsenic shouUl \je in the first distillate. The sr:cond distillate is 
made so as to see if all the arsenic has U;en distilled over. Filter the a^nous sulphide 
on weighed Gooch crucible, wash with hot water, then with alcohol, ether, and carbon 
bisulphide, dry at 100* C. and weigh as A.saSs which contains 00.03 per cent of oi^nic. 

To the solution in the distilling flask add 400 cc. hot water, then transfer to 80(^c. 
lip beaker, nearly neutralize with ammonia, then add 8 cc. hydrochloric acid, heat to 
boiling, pass stream of hydrogen 8ulj)hidc gas through solution to raturation. then let 
stand for two or three hours, filter on antimony, tin and copper sulphides, wash 
tat© quickly and thoroughly with hot water, then wash the precipitate into a mO~cc. 
lip beaker and wash filter with dilute sodium sulphide solution, add a few crystals of 
si^ium sulphide to solution in the beaker, let stand in warni place for an hour, then 
filter off the copper sulphide, wash w'ith dilute sodium sulphide solution, the filtrate 
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contains all tbo antimony and tin. Eva]wratc the filtrate to about 20 cc., then pour 
in hot concentrated solution of oxalic acid. This will dissolve the tin sulphide and 
leave the antimonous sulphide undissolvcd. Pass hydrogen sulphide gas through the 
boilini; solution for half an hour, filter off antimonous sulphide on weighed Gooch 

■ ■ 'lot water, nlace Gooch crucible on steam 

at. 




cool and weigh as SbjO* which contains 78.07 per cent of antimony. 

Add to the filtrate from the antimonous sulphide 30 cc. hydrochloric acid and 4 
grams pota-ssium chlorate, evaporate to alx)ut 25 cc., nearly neutralize with ammonia, 
dilute to 150 cc. with hot water, pass hydrogen sulphide gas through hot solution for 
half hour, filter on weighed Gooch crucible, wash quickly and thoroughly with hot water, 
place Gooch crucible on steam plate, add fuming nitric acid, evaporate until dry, then 
neat to a dull red heat, cool, and weigh as SnOj which contains 78.80 per cent of tin. 


Notk. Blank should be nin on everything used in the above determinations and 
at the same time, if any arsenic, antimony or tin is found in the blank, it should be 
deducted. 


Method for Determining Zinc in Nickel 


Dissolve 5 grams of drillings in 75 cc. of 1 : 1 nitric acid in a 400-cc. beaker* 
Dilute to 3.50 cc. Cool and plate out the copper over ni^ht with .3 ampere. After 
the copper is ail plated, pour the solution and water used in washing off cathode into 
a 500-cc. l)cakor. 

Add 30 cc. of hydrochloric acid and take to dryness on a steam bath. Add 10 cc. 
of hydrochloric acid and again take to dryness, 'lake up in 100 cc. of water and 3 cc. 
hydrochloric acid. Boil and filter off any silica. 

Add a coiicentratcHl solution of sodium carlionate to the filtrate until a distinct 
precipitate of nickel and zinc carbonates remain. Carefully dis.solvo this precipitate 
by adding 1 per cent sulphuric acid, stirrinft for at least two minutes after each addi¬ 
tion of acid. (Great care should be taken in adding the 1 per cent sulphuric acid lie- 
caasc if more than just enough to diasolvc the carbonates is used, no zinc sulphide will 
precipitate.) Add 2 gnuns ammonium sulphate. Dilute to 400 cc. and cool. 

Connect a tulxi to hydrogen sulphide gas and pass gius through solution using a 
tulx3 which has Isscn drawn to one millimeter diameter at ihe eml. Pass the gas through 
for 40 minutes. Disconnect and allow to stand for three hours. Filter through a 
double oshlcss paper and wash two or three times with hot waten containing hydrogen 
sulphide. ’ 

To free the zinc sulphide of traces of nickel, dissolve in 50 cc. of 1 : 6 sulphuric 
acid. Dilute to 100 cc. and boil off the hydrogen sulphide gas. Cool and make slightly 
alkaline with ammonia. 

Make acid with acetic acid. Add an equal volume of 50 per cent acetic acid. 

Cool and precipitate the zinc sulphide as before. Allow to settle three hours. 
Filter through a double oshlcss paper. Wash with hot water containing hydrogen 
sulphide. 

Place filter paper containing zinc sulphide into a small porcelain evaporating dish. 
Ijpiite and keep at a temperature of alxnit 800“ C. for one hour. Cool and weigh as 
zinc oxide, which contains 80.34 per cent zinc. 


The jirocodures on pages 336c to 336f arc methods of The International 
Nickpl Company that have been contributed by Dr. Paul D. Mercia and 
Mr. Thos. Fudge. 
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Element. Ni, at.wt. 14.01; D. (ofr) 0.9674; m.p. -210“; 6.p. -195.5° C.J 
oxidee, N»0, NjOj, NjOa, Nj 04 , NjOt. 

Ammonia. NH„ m.ic. 17.03; D. (air) 0.5971; sp.gr. liquid 0.6234; m.p. 
-77.3°; b.p. -38.5° C. Cril.temp. 130°; liquid at 0° with AJZ atmospheres 
pressure. Commercial 28% NH.„ sp.gr. 0.90. 

Nitric Acid. HNO„ m.ic., 6.3.02; gp.jr. 1.53; m.p. -41.3; 6.p. 86°C. 
Boiling-point of commercial 95% acid is a little above 86°, but gradually 
rises to 126° and the strength of acid fails to 68.9%, sp.gr. is then 1.42. 
The acid now remains constant, the distillate being of the same strength. 


DETECTION 


Element. Organic Nitrogen. Organic matter is decomposcti l)y heating 
in a Kjeldahl flask with concentrated sulphuric acid as descrilMid under prepara¬ 
tion and solution of the sample. Ammonia may now be liberated from the sul¬ 
phate and so detected. 

Nitrogen in Gas. Recognized by its inertness towards the reagents used 
in gas analysis. The element may be recognized by means of the sixjctroscope. 

Ammonia. Free ammonia is readily recognized by its characteristic odor. 
A glass rod dipped in hydrochlwic acid and held in fumes of ammonia produces 
a white cloud of ammonium chhtride, NHA'l. 

Moist red litmus paper is turned blue by ammonia. Upon heating the paper 
the red color is restored, upon volatilization of ammonia (distinction from fixed 


alkalies). 

Nessler's Test.'- Nessler’s reagent .added to a solution containing ammonia, 
combined or free, produces a brown precipitate, NUgjI-HsO- If the ammoniacm 
solution is sufficiently dilute a yellow or reddish-brown color is produced, accord¬ 
ing to the amount of ammonia present. The reaction is used in determining 

ammonia in water. • . , . , • -.l * 

Salts of ammonia are decom|)o.sed by heating their solutions with a strong 
base such as the hydroxides of the fixed alkalies or the alkaline earths. The 

odor of ammonia may now be detected. ... 

Nitric Acid. Ferrous Sulphate Test. About 1 to 2 cc. of the concentrated 
solution of the substance is added to ir> to 20 cc. of strong sulphuric acid,in a 
test-tube. After cooling the mixture, the test-tube is inchiud and an equal 
volume of a saturated solution of ferrous sulphate is allowed to flow slowly down 
over the surface of the acid. The tube is now held upnght and gently tapi^d. 
In the presence of nitric acid a brown ring fonns at the junction of the two 
solutions. 

1 Thn rPRffPnt is made bv dissolving 20 grams of potassium iodide in M cc. of water, 
addin?32^^ms of Treuri^ iS an5 diluting to *0 cc To this is added a solution 
of potassium hydroxide—134 grams KOH per 260 cc. IijO. 

Chapter contributed by Wilfred W. Scott. 
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The test for nitrate may be made according to the quantitative procedure 
given for determining of nitric acid (see later). It should be remembered that 
ferrous sulphate should be present in excess, otherwise the brown color is 
destroyed by the free nitric acid. Traces of nitric acid in sulphuric produce 
a pink color with the sulphuric acid solution of ferrous sulphate. (See Deter¬ 
mination of Nitric Acid-Ferrous Sulphate Method.) 

Ferro- and fcrricyanides, chlorates, bromides and bromates, iodides and 
iodatcR, chromates and pennanganates interfere. 

Diphenylomine Tests for Nitrates. (CeHtiiNR dissolved in sulphuric acid 
is added to 2 or 3 cc. of the substance in solution on a watch-glass. Upon gently 
warming a blue color is produced in presence of nitrates. Nitric acid in sul¬ 
phuric acid is detected by placing a crystal of diphenylamine in 3 or 4 cc. of the 
acid and gently warming. Cl', CU, Br\ U, Mn™, Cr^, Se”, Fe'" interfere. 

Copper placed in a solution containing nitric acid liberates brown fumes. 

Phenolsulphonic Acid Test. See chapter on Water Analysis. 

Detection of Nitrous Acid. Acetic Acid Teat. Acetic acid added to a 
nitrite in a test-tube (inclined as directed in the nitric acid test with ferrous 
sulphate), produces a brown ring. Nitrates do not give this. If potassium iodide 
is present in the solution, free iodine is lil)eratcd. The free iodine is absorbed 
by chloroform, carbon tetrachloride or disulphide, these reagents being colored 
pink. Starch solution is colored blue. 

Nitrous acid reduces iodic acid to iodine. The iodine is then detected with 
starch, or by carbon disulphide, or carbon tetrachloride. 

Potassium Permanganate 'Test. A solution of the reagent acidified with sul¬ 
phuric acid is decolorized by nitrous acid or nitrite. The test serves to detect 
nitrous acid in nitric acid. Other reducing substances must be absent. 

ESTIMATION 

Occurrence. Element. Free in air to extent of 78%+ by volume and 
76% - by weight. 

Air weight of 1 liter = 1.293 grams. With oxygen as 32, air =28.95. 


CoMPOstTiou OF Air. On the Basis of 1000 Liters of Atmosphere 


Element. 

Liten prr 
10001. 

Weight p«T 
1000 1. grams 

Per cpnt by 
Vol. 

Per cent by 
Wt. 

Nitrogen. 

780.3 

975.80 

78 1 

75.47- 

Oxygon. 

209.9 

299.84 

21.0 

23.19- 

Argon. 

9.4 

10.76 

0.9 

1.296+ 

Carlion dioxide. 

0.3 

0.59 

0.04 

0.045 

Hydrogen. 

0.1 

0.01 



Neon. 

0.015 

0 01339 



Helium. 

0.0015 

0.00027 



Krypton. 

0.00005 

0.00018 



Xenon. 

0.000006 

0.00003 




Nitrogen is found combined in nature as potassium nitrate (saltpeter), KNOi; 
sodium nitrate (Chili saltpeter), NaNOj, and to a less extent as caJeium nitrate, 
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Ca(NO,)„ It occurs in plants and in animals, in the substances profeids, blood, 
niuscle, nerve substance, in fossil plants (coal), in guano, ammonia and ammo¬ 
nium salts. 

Free nitrogen is estimated in the complete analysis of gas mixtures. In 
illuminating gas the other constituents are removed by combustion and absorp¬ 
tion and the residual gas measured as nitrogen. 

Total niteogen in organic substances is best determined by decomposition 
of the materials with sulphuric acid as described later, and estimating the nitro¬ 
gen from the ammonia formed. 

Combined nitrogen in the form of ammonia and nitric acid specially concerns 
the analyst. In the evaluation of fertilizers, feedstuffs, hay, fodders, grain, 
etc., the nitrogen is estimated after conversion to ammonia. Ammonia, nitrates 
and nitrites may be reijuired in an analysis of sewages, water, and soils. Nitric 
acid is determined in Chili saltpeter, in the evaluation of this material for the 
manufacture of nitric acid or a fertilizer, the nitrate being reduced to ammonia 
and thus estimated. 

We will take up a few of the characteristic substances in which nitrogen 
estimations are required, e.g., in organic substances as proteids, in soils and 
fertilizers; in ammonium salts, nitrates, and nitrites, free ammonia in ammonia- 
cal liquors, nitric acid in the evaluation of the commercial acid and in mixed acids. 

In general nitrogen is more accurately and easily measured as ammonia, to 
which form it is converted by reduction methods. Large amounts are determined 
by titration, whereas small amounts are estimated colorimetrically. Nitric 
acid and nitrates may be detennined by direct titration by the Ferrous Sulphate 
Method outlined later. The procedure is of value in estimation of nitrates in 
mixed acids. The nitrometer method for detennining nitrates (including 
nitrites), and the free acid in mixed acids, is generally u.sed by manufacturers 
of explosives. 


Preparation of the Sample 

It will be recalled that compounds of ammonia and of nitric acid arc generally 
soluble in water. All nitrogen compounds, however, are not included. Among 
those which are not readily soluble the following deserve mention: compounds 
of nitrogen in many organic substances; nitrogen bromophosphide, NPBrj; 
nitrogen selenide, NSe; nitrogen sulphide, N 4 S 4 ; nitrogen pentasulphide, Ni 8 »; 
ammonium antimonate, NH 4 Sb 03 - 2 Hi 0 ; ammonium iodatc, HN4IO1 (2.6 grams 
per 100 cc. HjO); ammonium chlorplatinate, (NH 4 )jPlCle (0.67 gram); ammo¬ 
nium chloriridate, (NH 4 )iIrCl« (0.7 gram); ammonium oxalate, (NH 4 )aC 304 -Hi 0 
(4.2 grams); ammonium phosphomolybdate, (NH 4 )»P 04 ‘ 12 MoO» (0.03 gr^); 
nitron nitrate, CaoHuNa-HNOi. 

Organic Substances 

By oxidation of nitrogenous organic substances with concentrated sulphuric 
acid, containing mercuric oxide, or potassium permanganate, the organic matter is 
destroyed and the nitrogen is changed to ammonia, which is held by the sul¬ 
phuric acid as sulphate. Nitrates are reduced by addition of salicylic acid, 
sine dust, etc., previous to the oxidation process. Practically all the procedures 
are based on the Kjeldahl method of acid digestion. The modification, com¬ 
monly known as the Kjeldahl-Gunning-Amold Method, is as follows: 
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Method in Absence of Nitrates. Weight of Sample. Fertilizers 0.7 to 
3.5 grams. Soils 7 to 14 grams. Meat and meat products 2 grams. Milk 5 
grams. The amount of the substance to be taken should be governed by its 
nitrogen content.' 

Acid Digestion.' The material is placed in a Kjeldahl flask of about 550 cc. 
capacity. Approximately 0.7 gram of mercuric oxide or an equivalent amount 

of metallic mercury together with 10 
grams of powdered potassium sulphate 
followed by 20 to 30 cc. of concentrated 
sulphuric acid (sp.gr. 1.84) are added. 
The flask is placed in an inclined posi¬ 
tion, resting in a large circular opening 
of an asbestos board. The flask is heated 
with a small flame until the frothing has 
ceased. (A piece of paraffin may be 
added to prevent extreme frothing.) 
The heat is then raised and the acid 
brought to brisk boiling, the heating 
l)eing continued until the solution be¬ 
comes a pale straw color, or practically 
water white. (In case of leather, scrap, 
cheese, milk products, etc., a more pro¬ 
longed digestion may be required. With 
a good flame from one-half to one hour 
of acid digestion is generally sufficient 
to completely decompose the material.) 
The flask is now removed from the flame 
and after cooling the solution is diluted 
with about 200 cc. of water and a few 
pieces of granulated zinc added to pre¬ 
vent “ bumping ” (50 mg. or so of No. 

Apparatus for Determining Nitrogen. 80 granulated zinc). The solution is 

now alkalized strongly by addition of a 
mixture of sodium hydroxide and sodium sulphide solution (about 75 cc. of a 
mixture containing 25 grams of NaOII and 1 gram NasS). Phenolphthalein 
indicator added to the solution will show when the acid is neutralized. The 
flask is connected by means of a Hopkins distillation tube (I'ig. 63) to a con¬ 
denser and about 150 cc. of the solution dtstillcd into an excess of standard sul¬ 
phuric acid and the exce.s8 of the acid determined by titration with standard 
sodium hydroxide. (Methyl red indicator.) 

The ammonia may bo absorbed in a saturated solution of boric acid and 
titrated directly with standard acid. (Methyl orange indicator.)' 

One cc. N/10 HjkSO, =0.001704 gram NH,. 

'See data of approximate nitrogen content in certain nitrogenous substances, Jour. 
Ind. Eng. Chcin., 7, 357, 1915. 

• Fig. 50 shows a comimct apparatus with several sets of flasks and condensers, 
which enable half a dozen or mure determinations to be made at one time. 

* L. W. Winkler, Z. angew. Chem., 27, 1, 630-2, 1914. E. Bernard, ibid., 27, 1, 
664, 1914. 
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In Presence of Nitrates. The procedure differs from the former in the 
preliminary treatment to reduce the nitrates. The material in the flask is 
treated with a mixture of 30 to 35 cc. of strong sulphuric acid containing 1 gram 
of salicylic acid and the mixture shaken and allowed to stand for five to ten 
minutes with frequent agitation. About 5 grams of sodium thiosulphate are now 
added and the solution heated for five minutes. After cooling, mercuric oxide 
or metallic mercury and potassium sulphate are added, and the solution treated 
as directed above. 

Notes. Mercuric oxide or metallic mercury arc added as a catalyzer to assist the 
oxidation of the organic matter. The digestion j)roce.ss is shortened considerably 
by its use. In place of mercuric oxide or the metal, copper sulphate may be used. 
In this case the addition of sodium sulphide is omitted. Copier sulphate acts as an 
indicator in the neutralization of the sample with caustic. 

Potassimn sulphide is added to remove the mercury from the solution and t>revcnt 
the formation of mereur-ammonium compounds, which are not completely decomposed 
by sodium hydroxide. 

Ferric chloride, FeCb, may be used in place of copptT or mercury siilts or oxides to 
assist in the oxidation of organic matter. 

Soils. Available Nitrates. Five hundred to 1000 grams of the air-dried 
soil is extracted with 1 to 2 liters of water containing 10 to 20 grams of dextrose. 
Fifteen to twenty hours of leaching is sufficient. An aliquot portion is taken 
for analysis. 

Ammonium Salts. The sample is placed in the distillation flask with splash 
bulb as described in the modified Kjcldahl procedure for organic substances, 
and the material decomposed with ammonia-free caustic solution. 'I'lie ammonia 
is distilled into an excess of standard acid or a saturated solution of boric acid 
(neutral to methyl orange), and the ammonia determined as usual, either by 
titration of the excess of acid, or by direct titration with acid, according to the 
absorbent used. 

Nitrates. The sample, broken down as fine as jiossible, is dissolved in 
water, dccompo.sed w'ith Devarda alloy and distilled as described by the modi¬ 
fied Devarda methods given later. 

Nitrites. The material, dissolved in water, is titrated with standard perman¬ 
ganate solution aecording to the procedure descrilicd later. 

Mixtures of Ammonitun Salts, Nitrates, and Nitrites. Ammonia i.s 
determined by distillation with caustic as usual. The nitrite is titrated with 
liermanganate. Total nitrogen is determined by the modified Devarda methods. 
Nitric acid is now estimated by diflerence, e.g., from the total nitrogen is deducted 
the nitrogen due to ammonia together with the nitrogen of the nitrite and the dif¬ 
ference ealculated to the nitrate desired. The nitrate may lie determined in pms- 
ence of nitrite and ammonia by direct titration with ferrous sulphate. The 
detailed procedures may be found under the Volumetric Methoils. 

Nitric Acid in Mixed Acid. This is best determined by the ferrous sulphate 
method for nitric acid. The nitrometer method is also excellent. 

SEPARATIONS 

Ammonia. No special separation need be considered in the determination 
of ammonia. The general method has already lieen mentioned by which 
ammonia is liberated from its salts by a strong base and volatilized by heat. 
This effects a separation from practically all substances. 
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Nitric Acid. The compound may be isolated as the fairly insoluble, crys¬ 
talline nitron nitrate, CwHuNi-HNO, by the following procedure. 

Such an amount of the substance is taken as will contain about 0.1 gram 
nitric acid, and dissolved in about 100 cc. of water with addition of 10 drops 
of dilute sulphuric acid. The solution is heated nearly to boiling and about 
12 cc. of nitron acetate solution added (10 grams of nitron in 100 cc. of 6% acetic 
acid).* The solution is cooled and placed in an ice pack for about two hours, 
and the compound then transferred to a Gooch or Munroe crucible (weighed 
cmcible if gravimetric method is to be followed), and after draining, it is washed 
with about 10 to 12 cc. of ice-water added in small portions. The nitrate may 
now be detennined gravimetrically by drying the precipitate to constant weight 
at 110° C., 16.5.1% of the material being due to NOj. 

The base diphonyl-endo-anilo-hydro-triazole (nitron) also precipitates the 
following acids: nitrous, chromic, chloric, perchloric, hydrobromic, hydriodic, 
hydroferro- and hydroferricyanic, oxalic, picric and thiocyanic acids. Hence 
these must be absent from the solution if precipitation of nitric acid is desired for 
quantitative estimation. 

Removal of NUrom Acid. Finely powdered hydrazine sulphate is dropped 
into the concentrated solution. (0.2 gram substance jxir 5 or 6 cc.) 

Chromic acid is reduced by addition of hydrazine sulphate. 

Hydrobromic acid is decomposed by ciilorinc water added dmp by drop 
to the neutral solution, which is then boiled until the yellow color has dis¬ 
appeared. 

Hydriodic acid is removed by adding an excess of potassium iodatc to 
the neutral solution and boiling until the iodine is expelled. 


PROCEDURES FOR THE DETERMINATION OF COMBINED 

NITROGEN 

Ammonia 

The volumetric procedures for determination of ammonia are preferred to the 
gravimetric on account of their accuracy and general applicability. The fol¬ 
lowing gravimetric method may occasionally be of use: 

Gravimetric Determination of Ammonia by Precipitation as 
Ammonium Platinochioride, (NH4)2PtCla 

Ammonia in anmionium chloride may be detennined gravimetrically by pre¬ 
cipitation with chlorplatinic acid. The method is the reciprocal of the one for 
detennining platinum. 

Procedure. The aqueous solution of the ammonium salt is treated with an 
excess of chlorplatinic acid and evaporated on the steam bath to dryness. The 
residue is taken up with absolute alcohol, filtered through a weighed Gooch cru¬ 
cible, and washed with alcohol. The residue may now be dried at 130° C. and 
weighed as (NH4)iPtCl., or it may be gently ignited in the covered crucible until 

' M. Busch, Her., 88 , 861 (1905), Treadwell and Uall, “ Analytical Chemistry.” 

' Keep nitron reagent in a dark-colored bottle. 
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ammonium chloride haa been largely expelled and then more strongly with free 
access of air. The residue of metallic platinum is weighed. If the ignition 
method is to be followedi the ammonium platinic chloride may be filtered into a 
small filter, the paper with the washed precipitate placed in a porcelain crucible 
and then gently heated until the paper is charred (crucible being covered) and then 
more strongly with free access of air until the carbon has been destroyed. 

Factors.! (NH4)jPtCl,X0.2400 =NH4C1, or 0.08095= Nil,, or‘x0.0767 = 
NH,. PtXO.5463 -NH 4 a, or X0.1839 = NH 4 , or X0.1736 =NH,. 


VOLUMETRIC METHODS FOR DETERMINATION OF 

AMMONIA 

Two conditions are considered: 

A. Estimation of free ammonia in solution. 

B, Determination of ammonia in its salts—combined ammonia. 


Analysis of Aqua Ammonia 

Provided no other basic constituent is pre.sent, free ammonia in solution 
is best determined by direct titration with an acid in presence of methyl orange 
jT methyl red as indicator. 

Procedure. About 10 grams of the solution in a weighing bottle with glass 
rtopper is introduced into an 8(K)-ce. Erlenmeyer flask containing about 200 cc. 
jf water and sufficient J normal sulphuric acid to combine with tlie ammonia 
ind about 10 cc. in exce.ss. The flask is stopi)ered and warmed gently. This 
brees out the stopper in the weighing bottle, tlii! ammonia combining with 
;he acid. Upon thorough mixing, the solution is cooled, and the excess of acid 
s titrated with half normal caustic. 

One cc. i N. 1LSO. = 0.(K)85 gram Nil, 

Factor. HsSO4X0.3473 =Nrij. 

Note. The aqua ammonia exposed to the air will lose ammonia, honco the sample 
ihould be kept stoppered. This loss of ammonia is ejuito api>reciablo in strong 
unmoniacal solutions. 

Determination of Combined Ammonia. Ammonium Salts. 

• 

Strong bases decompose ammonium .salts, liberating ammonia. This may be 
iistilled into standard acid or into a saturated solution of boric acid (neutral to 
nethyl orange) and titrated. 

Procedure. About 1 gram of the substance is placed in a distillation flask 
!see Fig. 50) and excess of sodium or potassiunj hydroxide added and the 
unmonia distilled into a saturated solution of boric acid or an excess of standard 
ulphuric acid. Anunonia in boric acid solution may be titrated directly with 
itandard acid (methyl orange or methyl red indicator) or in case a mineral acid 

• Factors recommended by Treadwell and Hall, “ Analytical Chemistry,” 2, John 
iHiley & Sons.' 
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was used to absorb the ammonia, the excess of acid is titrated with standard 
caustic solution. 

One cc. half normal sulphuric acid =0.0085 gram NHi. 

One cc. normal acid =0.01703 gram NIIj. 

Factors. H,S 04 X 0.3473 = N1I, and NH,X2.8792 =11,80,. 


ANALYSIS OF AMMONIACAL LIQUOR 

The crude liquor by-product from coal gas in addition to anmionia contains 
hydrogen sulphide, carbon dioxide, hydrochloric acid, sulphuric acid, combineu 
with ammonia, also sulphites, thiosulphates, thiocyanates, cyanides, ferrocyanides, 
phenols. 

Determination of Ammonia 

Volatile Ammonia. This is detennined by distillation of the ammonia into 
an excess of standard sulphuric acid and titrating the excess of acid. With the 
exception that caustic soda is omitted in this determination, the details are the 
same as those for total ammonia as stated in the next paragraph. 

Total Ammonia. I'lie true value of the liquor is ascertained by its total 
ammonia content. Ten to 25 cc. of the sample is diluted to about 250 cc. in 
a distilling flask with a potash connecting bulb, as previously described, 20 cc. 
of 5% sodium hydroxide are added and about 160 cc. of solution distilled into an 
excess of sulphuric acid. The excess is then titrated according to the standard 
procedure for ammonia. 

One cc. N. H,SO. =0.01703 gram NH,. 

Fixed Ammonia is the difference between the total and the volatile ammonia. 

Carbon Dioxide 

Ten cc. of the liquor are diluted to 400 cc. and 10 cc. of 10% ammoniacal 
calcium chloride added and the mfacture, placed in a fla.sk with Bunsen valve, is 
digested on the water bath for two hours. The precipitated calcium carbonate 
is washed, placed in a flask and an excess of N/2 HCl added and the excess acid 
titrated with N/2 NaOH. 

N/2 HCl =0.011 gram CO,. 


Hydrochloric Acid 

Ten cc. of the liquor is diluted to 150 cc. and boiled to remove ammonia. 
Now hydrogen peroxide is added to oxidize organic matter, etc., the mixture being 
boiled to remove the excess of the peroxide. Chlorine is titrated in presence of 
potassium chromate as indicator by tenth normal silver nitrate after neutralix- 
ing with dilute nitric acid. 

One cc. N/10 AgNO, =0.00384 gram HCl. 



NITROGEN 


345 


Hydrogen Sulphide 

To 10 cc. of the liquor are added an excess of ammoniacal zinc chloride or 
acetate, the mixture diluted to about 80 cc. and warmed to 40°. After settling 
for half an hour the zinc sulphide is filtered off and washed with warm water 
(40 to 50°); the precipitate is wished from the filter into an excess of N/10 
iodine solution, the srlphide clinging to the paper washed into the main solu¬ 
tion with hydrochloric acid. The mixture is acidified and the excess iodine 
titrated with N/10 sodium thiosulphate. 

One cc. N/10 I =0.0017 gram H,S or 0.0016 gram S. 


Sulphuric Acid 

250 cc. of the liquor is concentrated to 10 cc., 2 cc. of concentrated hydro¬ 
chloric fdded and the mixture heated to decompose any thiosulphate, sulphide 
or sulphite present. The concentrate is extracted with water, filtered and made 
to 250 cc. The sulphuric acid is now precipitated in an ali(|uut portion with 
barium chloride. 

BaS04X0.4202 =HjS 04 , or X0.1374 =S pre.sent as H1SO4. 

Total Sulphur. Fifty cc. of the liquor is run by means of a pipette into 
a deep beaker (250 cc. capacity), containing an excess of bromine covered by 
dilute hydrochloric acid. The mixture is evaporated to dryness on the steam 
bath and the residue taken up with water and diluted to 2.50 cc. Sulphur is 
now precipitated as barium sulphate as usual, preferably on an aliquot portion. 

For a more complete analysis of crude liijuor detennining sulphite, thio¬ 
sulphate, thiocyanate, hydrocyanic acid, ferrocyanic acid, and phenols the analyst 
is referred to Lunge, “ Technical Methods of Chemical Analysis,” Part II, Vol. II, 
D. Van Nostrand Co. 

Determination of Traces of Ammonia 

The determination of traces of ammonia is Ix^st accomplished by the colori¬ 
metric method with Nesslcr’s reagent. Details of the procedure are given in the 
chapter on water analysis. 


NITRIC ACID. NITRATES 

The alkalimetric method for detennining free nitric acid, and the complete 
analysis of the commercial product are given in the chapter on Acids. Special 
procedures for determining the combined acid are herein given. 

Qravimetric Method for Determining Nitric Acid by Precipitation 
as Nitron Nitrate, CzoHie N4 HNO3 

As in case of ammonia the volumetric methixls are generally preferable for 
determining nitric acid, combined or free. Isolation of nitric acid by precipita¬ 
tion as nitron nitrate may occasionally be used. The fairly insoluble, crystalline 
compound, CjoHi 4 N 4 -HNOi is formed by addition of the base diphenyl-endo- 
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anilo-hydro-triazole (nitron) to the solution containing the nitrate as directed 
under Separations. The precipitate washed with ice-water is dried to constant 
weight at 110° C. 16.53% of the compound is NO». 

Note. The followine acids should not be present in the solution, since their 
nitron salts are not readily soluble: nitrous, chromic, chloric, perchloric, hydrobromic, 
hydroiodic, hydrofcrrocyanio, hydroferricyanic, oxalic, picric and thiocyanio acids. 

Solubility of less soluble nitron salts in 100 cc. of water. Nitron nitrate=0.0099 
gram, nitron bromide=0.61 gram, iodide=0.017 gram, nitrite =0.19 gram, chromate 
= 0.06 gram, chlorate 0.12 gram, j}erchlurale=0.008 gram, thiocyanate=0.04 gram. 
(Treadwell and Hall, “Analytical Chemistry, Quantitative Analysis,”) 


VOLUMETRIC METHODS 

Direct Estimation of Nitrates by Reduction to Ammonia. 
Modified Devarda Method ^ 

An accurate procedure for the determination of nitrogen in nitrates is Allen’s 
modification of the Devarda method. The method is based upon the quantita¬ 
tive reduction of nitrates to ammonia in an alkaline solution by an alloy con¬ 
sisting of 45 parts of aluminum, 60 parts of copper and 6 parts of zinc. The 
ammonia evolved is distilled into standard sulphuric acid and thus estimated. 
The method, originally designed for the valuation of sodium or potassium nitrates, 
is also of value in the determination of nitric acid, nitrites or ammonia. In the 
latter ca.se the alloy is omitted. 

Reagents Required. Devarda’i Alloy. Forty-five parts aluminum, 50 parts 
copper and 5 parts zinc. The aluminum is heated in a Hessian crucible in a fur¬ 
nace until the aluminum begins to melt, copper is now added in small portions 
until liquefied and zinc now plunged uito the molten moss. The mix is heated 
for a few moments, covered and then stirred with an iron rod, allowed to cool 
slowly with the cover on and the crystallized mass pulverized. 

Standard Sulphuric Acid. This is made from the stock C.P. acid by dilu¬ 
tion so that 1 cc. is equal to 0.0057 gram HiSOi, 100 cc. of acid of this strength 
being equivalent to approximately 1 gram of sodium nitrate. (A tenth normal 
acid will do, a smaller sample being taken for analysis.) Since it is necessary to 
standardize this acid against a standard nitrate, it is advisable to have an acid 
especially for this determination rather than a common reagent for general use. 

Standardization of the Acid. 11.6 grams of standard potassium nitrate, 
equivalent to about 9.6 grams of NaNO>, is dissolved and made to volume in the 
weighing bottle (100 cc.), and 10 cc. is placed in the Devarda flask, reduced and 
the ammonia distilled into 100 cc. of the acid, exactly as the following method 
describes. The temperature of the acid is noted and its value in terms of H|SO«, 
KNOi and NaNOi stated on the container. The acid expands or contracts 
0.029 cc. for every degree centigrade above or below the temperature of stand¬ 
ardization, per 100 CO. 

Standard Potaziium Nitrate. The purest nitrate that can be obtained is 
recrystallized in small crystals, by stirring, during the cooling of the supersatu¬ 
rated concentrated solution, and dried first at 100° C. for several hours and then 

‘ Paper by W. 8. Allen, General Chemical Company, Eighth International Con¬ 
gress of Appued Chemistry. 
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at 210° C. to constant weight. Chlorides, sulphates, carbonates, lime, magnesia 
and sodium are tested for and if present are determined and allowance made. 

Standard Sodium Hydroxide. This should be made of such strength that 1 cc. 
is equal to 1 cc. of the standard acid, 2 cc. methyl red being used as indicator. 
Ten cc. of the acid are diluted to 500 cc. and the alkali added until the color of 
the indicator changes from a red to a straw color. 

Methyl Red Solution. 0.25 gram of methyl red is dissolved in 2000 cc. of 
95% alcohol; 2 cc. of the indicator is used for each titration. As the indicator 
is sensitive to COi, all water used must first be boiled to expel carbonic acid. 
(Baker & Adamson, manufacturers of methyl red.) 

Sodium Hydroxide—Sp.gr. 1.3. Pure sodium hydroxide is dissolved in 
distilled water and boiled in an uncovered casserole with about 1 gram of 
Devarda’s alloy to remove ammonia. This is cooled and kept in a well-stoppered 
bottle. 

Apparatus. This is shown in the accompanying illustration, Fig. 51. It consists 
of the Devarda flask connected to the scrubber K, filled with glass wool. This 



scrubber is heated by an electric coil or by steam passed into the surrounding 
jacket. The scrubber prevents caustic spray from being tarried over into the 
receiving fluaW 0. The form of the apparatus can best be ascertamed from the 
sketch. 

Weighing bottle with graduation at 100 cc. and a 10-cc. dropper with rubber 
bulb is used for weighing out the sample in solution. See Fig. 62. 

29 
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Preparation of the Sample 

Weight. It is advisable to take a large sample if possible, e.g., 100 grams 
of NaNOi, 119 grams of KNOj or about 80 grams of strong HNOj (95%) or more 
/"N if the arid is dilute. Solids are taken from a large sample, all 

( " i) lumps being broken down. After dissolving in water the sample 

\^/ is made up to 1 liter. (Scum is broken up by addition of a 

little alcohol.) One hundred cc. of this solution is placed in 
1“ Ij weighing bottle, which has been previously weighed, being 

I J perfectly clean and dry. The difference is the weight of the 
rtft 100-cc. sample. 

. . Manipulation. All parts of the apparatus are washed out 

with COrfree water. All water used in this determination 
J L should l)e boiled to expel CO.. Ninety-eight cc. of the standard 
acid is placed in flask O and washed down with 2 to 3 cc. of 
1 water. Two cc. of the standard acid is placed in flask P and 

\.~ ' 'y washed down with 10 cc. of water and 13 to 14 drops of methyl 

Fio. 62. indicator added. Connections are made between the flasks 

Weighing Bottle scrubber. (The correction is made for the acid, the 

and Dropper f®mperature being noted at the time of withdrawal.) A cas¬ 
serole, filled with cold water, is placed under F (see illustration). 
The stem E is removed from the Devarda flask and 10 cc. (or more) of the 
nitrate added by means of the dropper in the weighing bottle, a funnel having been 
inserted in the flask. The bottle reweighed gives the weight of the sample 
removed, by difference. The nitrate is washed down with 10 cc. of water and 
26 cc. of 20% caustic added (free from NH,), the alkali washed down with 10 cc. 
more of water and then 3 grams of Devarda alloy placed in the flask by means of 
dry funnel. The stem E is quickly replaced, the stopcock being turned to close 
the tube. The reaction begins very soon. If it becomes violent, the reaction 
may bo abated by stirring the water in the casserole, thus cooling the sample. 
After the energetic action has abated (five minutes), the casserole with the cold 
water is removed and the action allowed to continue for twenty minutes, mean¬ 
time heat or steam is turned on in the scrubber. E is connected at C to the 
flask B containing caustic to act as a scrubber. It is advisable to have a second 
flask containing sulphuric acid attached to the caustic to prevent ammonia from 
the laboratory entering the system. A casserole with hot water is placed under 
F and the burner lighted and turned on full. A gentle suction is now applied 
at R, the step-cock D l)eing turned to admit pure air into the evolution fla.sk; the 
rat^ should be about 5 to 6 bubbles per second. The suction is continued for 
thirty minutes, hot water being replaced in the casserole as the water evaporates. 
The heat is now turned off and the apparatus disconnected at M and J. The 
contents of this elbow and the condenser are Wiished into the flask 0. The acid 
in 0 and P poured into an 800-cc. beaker and rinsed out several times. The 
volume in the beaker is made up to 500 cc., 1 cc. of methyl red added, and the 
free acid titrated with the standard caustic. The end-point is a straw yellow. 

Calculation. The cc. of the back titration with caustic being deducted, 
the volume of the acid remaining (e.g., combined with ammonia) is corrected to 
the standard condition. Expansion or contraction per 100 cc.is 0.029 cc. per each 
degree C. above or below the temperature at which the acid was standardized. 
If the acid is exactly 0.067 gram per cc., the result multiplied by 0.989 and 
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divided by the weight of the sample taken gives per cent nitrate. (In terms of 
N'aNO,.) 

The Weight of the Sample. Ten times the difference of the weighings 
of the bottle IV before and after removal of the 10 cc. and tlie product divided 
by the weight of the 100 cc. of the solution equals the weight of solid taken. 

Example. of the bottle + lOOcc. sample = 218 grams. Weight of the bottle 

= 112 grams, therefore weight of 100 cc. NaNOj = 106 grams. 

Weight of the bottle + lOO cc. 8amplc = 218. Weight after removal of 10 cc =207.4 
grams, therefore sample taken = 10.6 gr.ams, including the added water. Now from 
above the weight of the actual sample taken = 10.6 X10 -5-106 = 1 gram. 

Temperature Correclion. Temperature of standardization =20“ C. Temperature 
of the sulphuric acid when taken for the analysis = 31° C. Back titration of the 
cau8tio = 2 cc. The correct volume = (1(X)—2) — ((31 —20) X0.029) =i>7.t>81 cc. 
HiSOi combined with ammonia from the reduced nitrate. 97.681 X0.989H-1 =96.62% 
NaNOi 

Factors. ll2SO4X2.06107 = KNO, or Xl.7334 = NaNO, or X1.28.50 = nNO,. 

H»SO,X0.9587 = HN ()2 or X0..3473 =Nn,. 

NH»X3.699.5 = llNO, or X4.9900 = NaN<)j or X4.0,'>13 = NaNO,. 

NaNO,Xl.l894 = KN()a and KN()aX0.8408 = NaNO,. 


ANALYSIS OF NITRATE OF SODA 

The following impurities may occur in nitrati? of soda: KNOj, NaCl, NajSO«, 
Na,CO„ NaClOa, NaClO*, FcaOa, AlaOa, CaO, MgO, SiO„ HaO, etc. In the 
analysis of sodium nitrate for determination of NaNOa by difference, moisture, 
NaCl NaaSOa and insoluble matter are detennined and their sum deducted 
from ’lOO, the difference being taken as NaXO,. Such a procedure is far from 
accurate, the only reliable method being a direct determination of niter by the 
Devarda method given in detail. The following analysis may be required in the 
valuation of the nitrate of soda. 

Determination of Moisture 

Twenty grams of sample are heated in a weighed jilatinuin dish at 205 to 
210“ C. for fifteen minutes in an air bath or electric oven. Ihe lo.ss of weight 
multiplied by 5 = per cent moisture. (Save smuple for further tests.) 


Insoluble Matter 


Ten grams are treated with 50 cc. of water and filtered through a tared 
Gooch. The increased weight dried residue (100“ C.) multiplied by 10=per 
cent insoluble matter. (Save filtrate.) 


Sodium Sulphate 

The moisture sample is dissolved in 20 cc. hot water and transferred to a 
porcelain crucible. It is evaporated several times with hydn^hloric acid to 
S^ess to expel nitric acid. (Until no odor of free chlome is noticed when thiM 
touted) Fifty cc. of water and 5 cc. hydrochloric acid are now added and the 
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sample filtered. Any residue remaining is principally silica. The filtrate is 
heated to boiling, 10 cc. of 10% barium chloride solution added, and the precipi¬ 
tated sulphate filtered off, ignited and weighed. 

BaSO.X 3.044.5= per cent NajSOi. 

Iron, Alumina, Lime, and Magnesia 

These impurities may be determined on a 20-gram dried sample, the 
material being dried and evaiM)rated us in ca.se of the sodium sulphate determina¬ 
tion. The filtrate from silica is treated with ammonium hydroxide and Fe(OH), 
and Al(OH)s filtered off. I.ime is precipitated from the iron and alumina filtrate 
ns oxalate and magnesia determined by precipitation as phosphate from the 
lime filtrate by the standard procedures. 

Sodium Chloride 

The filtrate from the insoluble residue is brought to boiling and magnesia, 
MgO (t’l free), is added until the solution is alkaline to litmus. 0.5 cc. of 1% 
potassium chromate (KiCrO,) solution is added as an indicator and then the 
solution is titrated with a standard solution of silver nitrate until a faint red 
tinge is seen, the procedure being similar to the dotennination of chlorides in 
water by silver nitrate titration. Thecc. AgNOsX factor for this reagentXlO =per 
cent NaCl. 

Silver nitrate is sfandardized against a salt solution. 

Carbonates 

This determination is seldom made. CO-, may be tested for by addition of 
dilute sulphuric acid to the salt. Kffervescence indicates carbonates. Any 
evolved gas may be tested by lime water, which becomes cloudy if CO, is present. 
For details of the procedure reference is made to the chapter on Carbon. 


DETERMINATION OF NITRIC NITROGEN IN SOIL EXTRACTS 
, Vamari-Mitscherlich-Devarda Method 

Procedure. Forty ec. of water, a small pinch of magnesia and one of mag¬ 
nesium sulphate are added to fl.isk I) of the Mitscherlich apparatus (Fig. 63). 
Twenty-five cc. of standard acid and CO cc. of neutral redistilled water are placed 
in flask F; 250 or 300 cc. of aqueous soil extract are placed in a 600-cc. Kjeldahl 
flask, 2 cc. of 50% sodium hydroxide added, the mouth of the flask closed with 
a small funnel to prevent spattering, and the contents of the flask boiled for 
thirty minutes. The water which has boiled off is replaced, and, after cooling, 
1 gram <rf Devarda’s alloy (CO mesh), and a small piece of paraffin are added 
and the flask connected with the apparatus; reduction and distillation are carried 
on for forty minutes. The receiver contents are then cooled, 4 drops of 0.02% 
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aolution of methyl red added, the excess acid is nearly neutralized, the liquid 
boiled to expel COj, cooled to 10 to 15° and the titration completed. 



Fig. 5:1. —Mitschorlich’s Apparatus for Nitrogen Determination. 


B. S. Davisson' recommends 
an improved form of scrubber, 
shown in Fig. 63a to be used in 
place of the Hopkins bulb (Fig. 
53). The bulb and adaptor are 
made of Pyrex glass. Steam con¬ 
denses in the bulb and the con¬ 
densate acts as a scrubber prevent¬ 
ing alkali mist from being carried 
over with the ammonia. During 
the test ammonia is completely 
volatilized into the absorption 
flask. The bulb of the adaptor, 
shown as II, prevents back suction 
into the distillation flask. 



Pj,r.r Oloss AdBp+or 

Fig. 53a. —Davisson’s Scrubber. 


'Reference B. S. Davisson, Ohio, Ag. Exp. Station, J. Ind. Eng. Chem., 11, 466 
(May, 1919). 







352 


NITROGEN 


Determination of Hydroxylamine—Method of Raschig' 

Hydroxylamine in hot acid solutions reduces ferric salts to ferrous condition 
quantitatively according to the reaction; 

2NH20fI 4 - 2 Fc 2 (SO<), = 4FeSO< = 2 H 2 SO 4 +N 2 O+H 2 O. 

The amount of ferrous iron formed is a measure of the hydroxylamine 
originally present. 

Procedure. .4pproximatcly 0.1 gram of hydroxylamine salt is dissolved in 
a little water in an Erlenmeyer flask and 30 cc. of cold saturated solution of 
ferric-ammonium alum added, followed by. 10 co. of dilute sulphuric acid 
(I : 4). The solution is heated to boiling and kept at this temperature for five 
minutes, then diluted to 300 cc. and titrated immediately with standard per¬ 
manganate solution. 

1 cc. N/IO KMn04=0.001652 g. NHjOII. 


iodometric Determination of Nitrates—Method of Gooch and 

Qruener® 

By this method the nitrate to be estimated is treated, in an atmosphere 
of carbon dioxide, with a saturated solution of manganous chloride (crystal¬ 
lized) in concentrated hydrochloric acid, the volatile products of the reaction 
(nitrogen dioxide, chlorine, etc.) arc now distilled and caught in a solution of 
potassium iodide. The iodine .set free is titrated by a standard solution of 
thiosulphate. 

Procedure. The nitrate and the manganous mixture (saturated solution of 
crystallized manganous chloride and strong hydrochloric acid—20 cc. per 0.2 
gram sample) following it arc introduced into the jiipettc shown in Fig. 53a 
(marked III) suction being applied, if necessary, at the end of the absorption 
train (VI). The current of CO 2 is starteil immediately after putting in the 
mixture. When the air has been replaced by CO 2 , heat is applied to the retort 
III and the distillation continued until nearly all the liquid has pas.sed over 
into ^he receiver IV, which is cooled by water. (Sec illustration.) The con¬ 
tents of the receivers are united and the bulbs washed out by passing the wash 
water directly through III and IV. Introduction of manganous chloride into 
the distillate does not influence the accuracy of the titration. The liberated 
iodine is titrated with standard sodium thiosulphate as soon as possible after 

■ Hydroxylamine may also be determined by reduction with an excess of titanous 
salt in acid solution with exclusion of air, and the excess titrated with permanganate. 

Reaction: 2 NH,()H+Ti,(S 04 ), = (NH 4 ).S 0 ,-i- 4 Ti 0 S() 4 -t-H,S 04 . 

For discussion of the two methods sec paper by Wm. C. Bray, Miriam E. Simpson 
and Anna A. MacKenzie, Jour. Am. Chem. Soc., 41, 9, 1362, Sept., 1919. 

•“Methods in Chemical Analysis,” by F. A. Gooch. F. A. Gooch and H. W. 
Gruener, Am. jour. ^i. (3), XLIV, 117. 
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admitting air to the distillate, since traces of dissolved nitric oxide reoxidized 
by the air would react with the iodide liberating more iodine. 



DETERMINATION OF NITROGEN OF NITRATES (AND 
NITRITES) BY MEANS OF THE NITROMETER 

The nitrometer is an exceedingly useful instrument employed in the accurate 
measurement of gases libenited in a great many reactions and has therefore a 
number of practical applications. It may be used in the determination of carlmn 
dioxide in carlmnatcsj the available oxy'gen in hydrogen dioxide; in the ^valua¬ 
tion of nitrous ether and nitrites; in the valuation of nitrates and nitric acid 

in mixed acids. . • . u- u 

The method for the determination of nitrogen m nitrates, with which we 
are concerned in this chapter, deixmds on the reaction between sulphuric acid 
and nitrates in presence of mercury: • 

2KN0,-l-4IhS04-l-3Hg=K2S04-l-3HgS04-|-4H-0-l-2N0. 

The simplest type of apparatus is shown in the illustration, Fig. 54. The 
graduated decomposition tube has a caiiacity of 100 cc. It is connected at the 
base by means of a heavy-walled rubber tubing with an ungraduated levelmg 
tube (6). At the upper portion of (a) and separated from it by a glMS stop¬ 
cock (s) is a bulb (c) of about 5 cc. capacity; a second stop-cock enables com¬ 
pletely enclosing the sample, as may be necessary in volatile com^unds. The 
glass stop-cock (s), directly above the graduated chamber, is perforated so as 
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to establish connection with the tube (d) when desired and the graduated 
cylinder (o). 

Procedure. The tube (6) is filled with mercury and the air in (a) now dis¬ 
placed by mercury, by turning the stop-cock to form an open passage between 
(a) and (d) and then raising (b). A sample of not over 0.35 gram potassium 
nitrate or a corresponding amount of other nitrates, is introduced into (c), the 
material being washed in with the least amount of water necessary (1 to 2 cc.). 
By lowering (6) and opening the stop-cock s the solution is drawn into the 
decomposition chamber, taking care that no air enters. This is followed by about 
15 cc. of pure, strong sulphuric acid through Si and s, avoiding admitting air as 
before. NO gas is liberated by the heat of reaction between the sulphuric acid 
and the water solution. When the reaction subsides, the tube (o) is shaken 
to mix the mercury with the liquor and the NO completely liberated. The gas 
is allowed to cool to room temperature and then measured, after raising or 
lowering (5) so that the column of mercury is the calculated excess of height 
above that in (a) in order to have the gas under atmospheric pressure. The 
excess of height is obtained by dividing the length of the acid layer in (a), in 
millimeters, by 7 and elevating the level of the mercury in (b) above that in (a) 
by this quotient; i.e., if the acid layer=21 mm. the mercury in (6) would be 
3 mm. above that in (a). The volume of gas is reduced to standard conditions 
by using the formula 

760(1-f0.()0387<)' 

T'-volume under standard conditions; F-observed volume; P=observed 
barometric pressure in mm.; le-tension of aqueous vapor at the observed tem¬ 
perature, expressed in millimeters; t - observed temperature. 

One cc. gas =4.62 milligrams of KNOj, or 3.8 milligrams NaNO> 
or 2.810 milligrams HNOa. 

Du Pont Nitrometer Method * 

The Du Pont nitrometer, Fig. 55, is the most accurate apparatus for the volu¬ 
metric determination of nitrates. By use of this, direct readings in per cent may 
be obtained, without recourse to correction of the volume of gas to standard con¬ 
ditions and calculations such as are required with the ordinary nitrometers. 

The apparatus consists of a generating bulb of 300 cc. capacity E with its 
reservoir F connected to it by a heavy-walled rubber tubing. E carries two 
glasp stop-cocks as is shown in illustration. The upper is a two-way stop-cock 
connecting either the cup or an exit tube with the chamber. D is the chamber¬ 
reading burette, calibrated to read in percentages of nitrogen, and graduated 
from 10 to 14%, divided in 1/100%. Between 171.8 and 240.4 cc. of gas must 
be generated to obtain a reading. A is also a measuring burette, that may be 
used in place of D where a wider range of measurement is desired. “ It is used 
for the measurement of small as well as large amounts of gas. It is most com¬ 
monly graduated to hold 300.1 milligrams of NO at 20“ C. and 760 mm. pressure 
and this volume is divided into 100 units (subdivided into tenths) each unit 
being equivalent to 3.001 milligrams of NO. When compensated, the gas from 

> See paper by J. R. Pitman, Jour. Soc. Chem. Ind., p. 983, 1900. 
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\,en times the molecular weight in milligrams oi any nitrate of the formula UNO, 
(or five timw molecular weight of R(NO,),l should exactly fill the burette. This 
sitnplifies all calculations; for example the per cent nitric acid in a mixed acid 
would be 

R63.02 

lomv 

R=burette reading, W =gram8 acid taken.” ‘ C is the compensating burette 
very similar in form to the chamber burette D. li is the leveling bulb, by the 




raising or lowering of which the standard pressure in the system may be obtained. 
The apparatus as shown in Fig. 56 is mounted on an iron stand. As in the more 
simple form of apparatus, pre\'iously described, mercury is used as the con¬ 
fining liquid. The parts are connected by heavy-walled rubber tubing, wired 
to the glass parts. 

* A. W. Betts, Chemist, E. I. DuPont de Nemours Powder Co., in letter to author. 
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Standardizing the Apparatus. The apparatus having been arranged and the 
various parts filled with mercury, the inkrument is standardized as follows; 
20 to 30 cc. of sulphuric acid are drawn into the generating bulb through the 
cup at the top, and at the same time about 210 cc. of air; the cocks are then 
closed, and the bulb well shaken; this thoroughly desiccates the air, which is then 
run over into the coinijcnsating burette until the mercury is about on a level with 
the 12.30% mark on the other burette, the two being held in the same relative 
position, after which the compensating burette is sealed off at the top. A 
further quantity of air is desiccated in the same manner and run into the read¬ 
ing burette so as to fill up to about the same mark; the cocks are then closed, 
and a small piece of gla.ss tubing bent in the form of a U, half filled with sul¬ 
phuric acid (not water), is attached to the outlet of the reading burette; when 
the mercury columns are balanced and the enclosed air cooled down, the cock 
is again carefully opened, and when the sulphuric balances in the U-tube, and 
the mercury columns in both burettes arc at the same level, then the air in each 
one is under the same conditions of temperature and pre.ssurc. A reading is now 
made from the burette, and the barometric pressure and temperature carefully 
noted, using the formula 

F„n(273+<) 

the volume this enclosed air would occupy at 2!).;)2 ins. pros.surc and 20° C. is 
found. The cock is again closed and tlie reservoir manipulated .so as to bring 
the mercury in both burettes to the same level, and in the rcaditig burette to the 
calculated value as well. A strip of pajjcr is now pasted on the compensating 
burette at the level of the mercury, and the .standardization is then complete. 

Another rapid method of standardizing is to fill the compensating chamber 
with desiccated air as stated in the first pro(;edure and then to introduce into the 
generating chamber 1 gram of pure potassium nitrate dissolved in 2 to 4 cc. of 
water, the cup is rinsed out with 20 cc. of 60° B4aumc sulphuric acid, making 
three or four washings of it, each lot Iwing drawn down separately into the bulb. 
The generated gas formed after vigorous shaking of the mixture, as stated under 
procedure, is run into the measuring burette. The columns in both burettes are 
balanced so that the reading burette is at 13..S5 (=per cent N in KNOj). A 
strip of paper is posted on the compensating burette at the level of the mer¬ 
cury, and standardization is accomplished. By this method the temperature 
and pressure readings, and the ralculations are avoideil.* 

Procedure for Making the Test. Salts. One gram of sodium or potassium 
nitrate, or such an amount of the material as will generate between 172 to 240 cc. 
of gas, is dissolved in a little water and placed in the cup of the generating bulb. 

Liquid Acids. The acid is weighed in a Lunge pipette and the desired amount 
run into the funnel of the generating bulb, the amount of acid that is taken 
being governed by its nitrogen content. 

The sample is drawn into the bulb; the funnel is then rinsed out with three 
or four successive washings of 95% sulphuric acid, the total quantity being 
20 cc. 

To generate the gas, the bulb is shaken well until apparently all the gas is 

• Standardization with “ C. P. KNOa is the better, as it is less tedious and is not 
subject to the oorrection errors that cannot be escaped when standardizing with air. 
The KNOs must be of undoubted purity."—A. W. Betts. 
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formed, taking care that the lower stop-cock has been left open, tins cock is iWa 
closed and the shaldng repeated for two minutes. The reservoir is then lowered 
until about 60 cc. of mercury and 20 cc. of acid are left in the generating bulb. 
There will remain then sufficient space for 220 cc. of gas. 

Note. It too much mercury is left in the bulb, the mixture will be so thick that 
it will be found difficult to complete the reaction, a long time will be required ft)r the 
residue to settle and some of the gas is liable to t>e held in sus|x?nsion by the mercury, 
so that inaccurate results follow. 

The generated gas is now transferred to the reading burette, and after wait¬ 
ing a couple of minutes to allow for cooling, both burettes are balanced, so that 
in the compensating tulie the mercury column is on a level with the pa|X!r mark 
a.s well as with the column in the reading burette; the reading is then taken. 

If exactly one gram of the substance is taken the ix-rcentagc of nitrogen may 
be read directly, but in case of other amounts tx?ing taken, as will invariably lie 
the ca.se in the analysis of acids, the readings are divided by the weight of the 
substance and multiplied by 4.5 to obtain the ]>er cent of nitric acid mono- 
hydrate present. 

The procedure may lie used for determining nitrites as well as nitrates. 

Determination of HNOa in Oleum by Du Pont Nitrometer Method > 

About 10 cc. oleum arc weighc'd in a 30-cc. weighing bottle, 10 cc. 95% 
reagent sulphuric acid added and mixed by shaking. This mixture is transferred 
to the nitrometer reaction tube and the weighing bottle and nitrometer cup 
rinsed with three 5-cc. portions of the reagent sulphuric acid which is ilrawn into 
the reaction tube. This is vigorously shaken for three minutes and the gas 
then passed to the measuring tube and allowed to stand for alM)ut five minutes, 
after which the mercury levels are adjusted and the reading taken.^ 

It is obvious tiiat this determination inchnhw any nitrous acid in the oleum. 


Combined Nitric Acid 

The nitric acid in nitrates may be determined by titration with ferrous 
sulphate. The nitrate dissolved in a little water is run into .strong sulphuric acid 
and titrated with standard ferrous sulphate according to the procedure described 
for determining free nitric acid in mixed acids (Vol. II, Acids). 


Determination of Free Nitric Acid , 

Other acids being absent, free nitric acid may be determined by titration 
with standard alkali. Details for the analysis of nitric acid in i)rescnce of 
commonly occurring impurities are given in \olunie II in the chapter on 
Acids. 

1 cc. N/1 NaOH =0.063018 g. HNO, 

* By courtesy of E. I. <lu Pont dc Nemours Powder Co. 
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DETERMINATION OF NITRITES 
Qravimetric Method of Buovoid’ 

One and one fourth to 1.5 gram of AgBrOa is dissolved in 100 cc. of water 
and 110 cc. of 2 N. acetic acid, in an Krlnmeyer flask. 200 cc. of the nitrite 
solution (1 g. NaNO.j) are added from a burette, stirring the mixture during 
addition of the nitrite. A pale green precipitate is obtained. 30 cc. of HzSOa 
(1 : 4) are added, the mixture warmed to 85°. When the yellow precipitate 
settles it is filtered on a Gooch and washed with hot water, then dried and 
weighed as AgBr+AgCJl—chlorine is determined on a separate portion and 
AgCl deducted. AgBrX0.9070 = NaN02. The method is .specially applicable 
to nitrites high in chlorine. 


Volumetric Permanganate Method 

Principle. Potassium permanganate reacts with nitrous acid or a nitrite as 
follows: 

5N.O.+4KMnO,+0H,SO4=5N2O.+2K2SO4+4MnSO.+6H2O. 

5HN0.+2KMn04+3H2S04=5HN0,+K2S04+2MnS0.+3H,0. 

Since 2 KMn 04 in acid solution has five available oxygens for oxidation of sub¬ 
stances (e.g., 2 KMn 04 = Kj0.2Mn0-l-50 equivalent to lOH) the molecular weights 
of the constituents divided by 20 in the first equation and by ] 0 in the second would 
represent the normal weights per liter, e.g., SNjOs divided by 20 = 76 divided by 
4-19 grams NjO, per liter. 4 KMn 04 divided by 20 or 2 KMn 04 divided by 10 
— 158.03 divided by 5=31.61 grams of KMn 04 per liter for a normal solution. 
In the second equation if Na represents the univalent element we would have 
5NaNOi divided by 10 or 69 divided by 2 =34.5 grams per liter. Hence 1 cc. of 
a normal KMn 04 solution would oxidize 0.019 gram NiO, or 0.0345 gram NaNOj 
to form NjO» and NaNO> respectively. 

Organic matter is also oxidized by KMn 04 hence will interfere if present. 

Special Reagents. 

N/5 Potattium Permanganate. The solution contains 6.322 grams KMn 04 
per liter. 

N/5 Sodium Oxalate. NajC 204 reacts with KMn 04 as follows: 

5Na,C,O4-t-2KMnO4-|-8H4SO4 = K2SO4-l-2MnSO4-|-6NajSO,-H0CO,-t-8H,O. 

Hence 5 Na.Cj 04 divided by 10 or 134 divided by 2 = 67 grams per liter-a 
normal sodium oxalate solution. A N/5 solution requires 13.4 grams Na>Ci 04 
per liter. 


•Chein. Ztg. 38, 28, C. A. 8, 12.50 (1914). 
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Preparation of the Sample. 

Soluble Nitrites. Ten grains of the nitrite are dissolved in water and made 
to 1000 cc.; 10 cc. contain 0.1 gram of the sample. 

Water-insoluble Nitrites. 0.5 to 1.0 gram of the nitrite according to the 
amount of nitrous acid present is taken for analysis. An excess of KMnO, solu¬ 
tion is added, followed by dilute HjS 04 and the excess standard permanganate 
titrated with sodium oxalate accor<lii]g to directions given under Proccilure. 

Nitrous Acid in Nitric Acid and Mixed Acids. This is present generally in 
very small amounts so that a large sample is taken. The amount and details of 
the procedures are given under the S{x;cial subject. 

For routine work where a number of daily determinations are made, a 
50-cc. burette is generally preferred. 

Trial Run. If the approximate strength of the salt is not known the following 
test may be quickly made to ascertain whether more than 50 cc. of solution is 
necessary and the approximate amount of KMnOi required for oxidation. 

Ten cc. of the solution together with 100 cc. of water are placed in a 4-in. 
casserole and about 10 cc. of ililute HjS() 4 , 1:1, added. Standard KMn 04 from 
a 50-cc. burette is now run into tlie sample until a |)erinancnt pink color is obtained. 
The cc. of KMn 04 multiplied by 5= the approximate amount of ]HTinanganate 
solution niquired for oxidation of 50 cc. of sample. An excess of 5 to 10 cc. should 
be taken in the regular run. 

Titration of Nitrite. Sufficient standard N/5 KMn 04 to oxidize tlie sample 
to be titrated (as .ascertained by the trial run) and 10 cc. excess are placed in a 
casserole. The .solution is acidified with 10 cc. of dilute (1:4) ii 2 ,S 04 and 50 
cc. of the nitrite solution is added slowly with constant stirring. The sample 
is placed on a hot plate until the mixture reaches a temperature of 70° to 80° C. 
and 25 cc. more of the dilute H^SOi added. The excess permanganate is 
now titrated with N/5 Na 2 C'.i 04 , the oxalate being added slowly until the 
permanganate color is destroyed. Five cc. excess of the oxalate are added and 
the exact exce.ss determined by titrating the hot solution with N/5 K 5 In 04 to a 
faint pink color. The total iicrnianganate .solution taken minus the oxalate 
titration = cc. KMn 04 reipiired by the nitrite. 

Standard ferrous sulphate, FeSOi, may be used, in place of sodium oxalate. 
The titration then mav be conducted in the cold. 

One cc. N/5 KMnO, =0.0038 g. NjOa, or 0.0009 g. NaNO^, or 0.0085 g. 
KNO 2 . 


Detection of a Nitrate in a Nitrite Salt 

Iridium salts are colored blue by IINOj but no color is produced by HNOj. Uie a 
0.025% solution of IK), or (NH.fjlrCl. tier 100 cc. of 98-99% lI^SO^ and heat to boiling. 
The solution should be kept in a stoppered bottle. Into the hot n^^enl in a test tuM 
is dropped the solid substance testca. A blue color is produced by nitrates. If the 
nitrite is in solution, make alkaline with KOH, evaporate to dryness and test the residue. 
Chlorine interferes, but not FeCli. 
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Determination of Pyridine in Ammonium Nitrate' 

Dissolve 250 (?. of sample in 300 cc. of distilled water, using a 1000 cc. 
Kjeldahl or Florence flask. Add a few drops of methyl orange and neutralize 
with 10% sodium hydroxide solution. Then add 15 ec. cxce.s8 of 10% sodium 
hydroxide solution. Set up apparatus, note Fig. 55a, using 300 cc. hypo- 
bromite .solution in the second flask and receiving the distillate in 25 cc. N/10 



The whole is set around a single ring stand. The hypobromite flask is 2 in. by 14 in- 
The hypobromite, 300 cc., occupies 7} in. of the height at the start of tne test. 


sulfuric acid. Distil until 100 cc. of distillate have been collected. The 
heating should be very slow until all the ammonia, driven off, has been de¬ 
stroyed. This point will be indicated first by an acid reaction of the methyl 
orange in the first flask and second by the gradual reduction of the amount of 
nitrogen giveti off, in very small bubbles, in the hypobromite. At this point 
the^hypobromite flask should not be warm enough to burn the haml (not above 
70 to 75” C.). It is now safe to increase the heat .so that boiling occurs in the 
hypobromite in 10 to 15 min. and 100 cc. of distillate comes over in 20 to 25 
min. after active boiling starts. 

Titrate the liquid in the receiver, using N/10 sodium hydroxide solution 
with methyl orange as the indicator. 

'Ref. R. M. Ivadd, Jour. Ind. Eng. Chem., Vol. 11, no. 6, page 562 (June, 1919). 
By courtesy of the author. 
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Record the end-point; add 5 cc. of phcnolphthalein (1 ; 1000) solution 
and continue the titration until a red color which will persist for 30 sec. appears. 
Subtract the methyl orange end-point from that obtained with phcnolphthalein, 
and multiply the difference by 0.0079. The result is the pyridine bases in 
grams. Methyl orange indicates pyridine plus ammonia. Phcnolphthalein 
indicates ammonia. Difference is due to pyridine. 

Notes. Because of the fact that the methyl orange and phcnolphthalein end¬ 
points are never quite the same and because an absorption of carbon dioxide by the 
sodium hydroxide solution may bring it about that they vary still more widely, it is 
necess^ to standardize the solutions used to both end-points and to make a correction 
for their normal difference. This correction should be checked by a new standardization 
at least once a week. We found that with our solutions tliis difference was usually 
about 0.4 cc. 

In case it is desired to use a sample of a different size, maintain the proportions 
indicated above, except that the total solution in the first flask should always be about 
500 cc. 

The hypobromite solution is made up as follows: 1(X) g. sodium hydroxide are dis¬ 
solved in 800 cc. of water, 25 cc. of liquid bromine arc added, and the mixture shaken 
until the bromine is enfirely dissolve*! and made up to 1,000 cc. The solution should 
be made up a day in advance. It will maintain its strength for at least a week if kept 
in a stoppered, dark bottle. It will be brown in color. Should the brown color dis¬ 
appear during the distillation it would mean that an excess of ammonia is present. 
This should also be indicateil and eliminated from the I'alciilat.ions by the double end- 

K oint called for, but in case this happens it is well to repeat the test, using more of the 
ypobromite solution. 

The reactions involved and the calculations on which the proportions are based 
are indicated in the following equations: 

NaOlI -1- NH 4 NO, — NH, + H,0 -|- NaNO, 

40 17 

15 cc. 10% sodium hydroxide solution contains 1.5 g. sodium hydroxide 
1.5 g. sodium hydroxide will free 0.0375 g. ammonia 

2 NH 3 + SNaBrO — 3H,0 + N* -h 3NaBr 
34 3.57 

0.638 g. ammonia is destroyed by 6.699 g. sodium hypobromite 

2NaOII + Br, — NaBK) -|- NaBr + HjO 

80 160 119 

25 cc. bromine = 79.5 g. bromine 

300 cc. solut ion contains 17.7 g. hypobromite (apjirox.) 
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DETERMINATION OF NITROGEN IN STEEL* 

For the determination of nitrogen in steel, a modification of the method 
first published by A. H. Allen and modified by Prof. J. W. Langley is used. 

By the following method the sample and standard distillates are prepared 
under similar conditions, and when treated with Nessler reagent, develop 
colors nearly identical in quality or tone, but proportional in intensity to the 
ammonia present. 

If the Nessler reagent is carefully prepared and works properly, the color 
in sample and standard will develop almost instantly and is fully developed 
in less than one minute. The solutions treated with such reagent remain 
clear or do not cloud appreciably on standing for ten minutes; however, 
the comparison is best made after standing one minute, and all difficulty due 
to clouding avoided. 

The difficulties of comparison are also reduced to a minimum by using an 
aliquot part of the distillate in the manner to be described instead of that 
corresponding to the whole sample. 

Preparation of Reagents 

Hydrochloric acid of 1.1 sp. gr., free from ammonia, which may be prepared 
by distilling i)ure hydrochloric acid gas into distilled water free from ammonia. 
To do this, take a large flask fitted with a rubber stopper carrying a separatory 
funnel-tube and an evolution-tube, fill it half full of strong hydrochloric acid, 
connect the evolution-tube with a wash-bottle connected with a bottle con¬ 
taining the distilled water. Admit strong sulphuric acid free from nitrous 
acid to the flask through the funnel-tube, apply heat as required, and distill 
the gas into the prepared water. 

Test the acid by admitting some of it into the distilling apparatus, described 
farther on, and distilling it from an exce.ss of pure caustic soda, or determine 
the amount of ammonia in a portion of hydrochloric acid of 1.1 sp. gr., and 
use the amount found as a correction. 

Notk. The ammonin-frcc hydrochloric acid may also be prepared as follows; 

Dilute concentrated hydrochloric acid to specific gravity 1.10 and without addition 
of sulphuric acid distill it. 

Hydrochloric acid of this strength distills without change in concentration. 

The first lOO-cc. distillate from one litre of acid will usually contain all the ammonia 
and is rejected; the portions distilled thereafter being collected for use but must, of 
course, lie tested as usual to make sure it is free from ammonia. 

floiution of caustic soda, made by dissolving 300 grams of fused caustic soda in 
300 cc. of water and digesting it for 24 hours at 50° C. on a copper zinc couple, made, 
as described by Gladstone and Tribe, as follows: 

Hace from 25 to 30 grams of thin sheet zinc in a flask and cover with a moderately 
eoncentrated, slightly warm solution of copper sulphate. A thick, spongy coating of 
copper will lie deposited on the zinc. Pour oil the solution in about ten minutes and 
wash thorou^ly with cold distilled water. 

Nessler Reagent, Dissolve 35 grams of potassium iodide in a small Quantity of 
distilled water, and add a strong solution of mercuric chloride little by little, shaking 
after each addition until the red precipitate formed dissolves. Finally the precipitate 
formed will fail to dissolve, then stop the addition of the mercury salt and filter. Add 
to the filtrate 120 grams of caustic soda dissolved in a small amount of water, and 
dilute until the entire solution measures 1 litre. Add to this 5 cc. of saturated aqueous 
solution of mercuric chloride, mix thoroughly, allow the precipitate formed to settle, 
and decant or siphon off the clear liquid into a glass-stoppered bottle. 

‘ Methods of Analysis used in Laboratories of the Titanium Alloy Manufacturing 
Co. Contributed by L. E. Barton. 
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Standard Ammonia S^iion. Diswlve 0.0382 gram of ammonium chloride in 1 
litre of water. 1 cc. of this solution will equal 0.01 milligram of nitrogen. 

Distilled Watn Free From Anmonia. If the ordinary distilled water contains 
ammonia, redistill it. reject the first portions coming over, and use the subseiinent 
portions, which wul be found free from ammonia. Several glass cylinders of colorless 
glass of about 160 CC. cai^acity ate also required. 

The best form of distilling apparatus consists of an Erlenmeyer flask of about 
1.500 cc. (»mcity, with a rubliet stopper, carrying a sepiiratorv funnel-tube and an 
evolution-tube, the latter connect^ with a condcnsing-tulie awmd which passes a 
constant stream of cold water^ The inside tube, where it issues from the cmidenser, 
t ^ sufficiently high to dip into one of the glass cylinders placed on the working 

Method of Determination 


Distillation of Sample 

In a distilling flask of 1000 to 1500 cc. capacity, fitted with separatory 
funnel and connected with condenser, place 40 cc. prepared caustic soda 
solution; add .500 cc. distilled water and distill until the distillate gives no 
reaction with Nessler reagent. 

Dissolve a 5-gram sample of the steel in 40 cc. of ammonia-free hydrochloric 
acid, and by means of the separatory funnel add the solution slowly to the 
contents of the distilling flask, washing in finally with ammonia-free water. 

Distill and collect 1.50 cc. of distillate in a graduated flask. Cork the 
flask and set aside. Experience has shown that 150 cc. of distillate will 
contain all the nitrogen in tlic sample. 


Preparation of Standard 

After distilling the sample—the apparatus then being free from ammonia 
but containing the residue of sample and reagents—25 cc. of standard ammo¬ 
nium chloride .solution and 150 cc. of ammonia-free water are added to the 
contents of the flask, and di.stillation continued until a standard distillate of 
1.50 cc. is collected in a graduated fla.sk. 

As before, tlie .single distillate will contain all the ammonia from 25 cc. of 
standard solution. 

To the standard distillate is added 6 cc. of Nessler reagent; and since the 
standard ammonium chloride solution is equivalent to .00001 g. nitrogen per 

cc., 1 cc. prepared standard distillate is equivalent to =.000001, 

1.10 

6 g. nitrogen per cc. = .00016% nitrogen when using one gram sample. 

Comparison and Determination 

To make the determination, 30 cc. of sample distillate, equal to one gram 
of sample, are placed in one of a pair of Nessler jars and the color developed 
by addition of 1 cc. Nessler reagent. 

The standard and sample are allowed to .stand one minute to fully develop 
the color. 

Into the other jar the standard distillate is run from a burette until the 
colors in standard and sample jars are of the same intensity; the final com¬ 
parison being made after bringing the contents of the jars to the same volume 
by addition of ammonia-free water to one or the other. 

The number of cc. of standard distillate multiplied by .00016 gives the 
percentage of nitrogen in the steel. 

30 
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DETERMINATION OF CONVERTER EFFICIENCY IN 
OXIDATION OF AMMONIA TO NITRIC ACID 

In place of determining the total ammonia used and the total products 
of oxidation, samples may he taken, during the operation, of gases entering 
and leaving the converter and analyzed according to the following simple 
and accurate procedure suggested by Gaillard; ‘ a method successfully used 
by the American (Jyanamide Company at Warners, N. J., and by the United 
States nitrate plants at Sheffield and Muscle Shoals, Ala. 

Principle. The gas to be analyzed is drawn into an evacuated bulb which 
has previously been weighed, and the increased weight due to the sample is 
obtained. The ammonia or nitrogen oxides in the bulb are then absorbed 
and titrated, and the percentage by weight of combined nitrogen in the gases 
is determined. The efficiency is the ratio of the combined nitrogen in the 
exit and inlet gases. 

Sources of Error. Error may bo caiwcd by: 

(а) Water condensation in the sami)ling tube during sampling. 

(б) Air leakage into the tube during samiding. 

(c) Ammonia escaping oxidation being drawn into the bulb. In presence 
of ammonia a cloudiness is readily observed. 

(d) Changes in tcmixjrature, barometric pressure, and moisture conditions 
between 8ucces.sive weighings of the .same bulb. 

These errors are rendered negligible by careful manipulation. (The writer 
would suggest that a similar bulb tare weight be used and the procedure for 
weighing recommended in combustion carbon determinations be followed.) 

' Ind. Eng. Chem., 11, 745 (1910). 
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On the right hand side of the illustration below is shown the bulb in the 
process of evacuation by means of a vacuum pump operated by an electric 
motor. Attached to the system is a mercury gauge or barometer which gives 
the degree of evacuation of the bulb. 



Fia. 55b. Evacuation and Weighing of Bullis for Converter Efficiency in 
Ammonia Oxidation. 

On the loft hand side of the illustration is sliown a balance with a bulb 
suspended for weighing after being evacuated. It is advisabh; to have a 
bulb on the right hand arm of the balain^e acting as a tan' wi'ight. This counter¬ 
acts the buoyancy error of the air, increa.sing the delicacy of weighing. If the 
stopcocks .are not absolutely tight, the bulb will gain in weight owing to an 
intake of air. 
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_ j tfeHoio 1.831. j 44° . j 390°C 

P.. uUwt. 31.02: sp.gr. j ^ m.p. j 6.p. -j.; 

P.O,, PO„ PjO*; acids, H,POj, H,PO„ H,PO„ HPO„ H4P,0,. 


oxides. 


DETECTION 

Element. Phosphorus is recognized by its glowing (phosphorescence) in 
the air. The element is quickly oxidized to PjOs) if the yellow modification is 
slightly warm (34° C.) the oxidation takes place with such energy that the 
substance bursts into flame. The red form is more stable. It ignites at 2fi0° C. 

Boiled with KOil or NaOH it forms phosphine, PHj, which iti presence of 
accompanying unpuritics is inflammable in the air. 

Phosphorus oxidized to PsOs may be detected with ammonium molylxlate, 
a yellow compound, (NIl4)jP()4.12MoOj-3H20, being fonned. 

Acids. Hgpophosphorous Acid, HiPOt, heated with copper sulphate to 
65° (1. gives a reddish-black compound, CujHs, which breaks down at 100° to 
H and Cu. Permanganates are reduced immediately by hypophosphorous acid. 
No precipitates are formed with barium, strontium or calcium solutions. Zinc 
in presence of sulphuric acid reduces hyiwphosphorous acid to phosphine, PHs. 

Phosphorous Acid, H 1 PO 3 . (lopper sulphate is reduced to metallic copper 
and hydrogen is evolved, no Cusllj l)eing formed as in case of hypophosphorous 
acid. Penuanganates are reduced slowly. Added to solutions of barium, stron¬ 
tium or calcium white jAiosphites of the.se elements are precipitated. Alkali 
phosphites are soluble in water, while hyix)phosphites are not readily soluble. 

Orthophosphoric Acid, H,POi. Ammonium phosphomolybdate precipi¬ 
tates yellow ammonium phosphomolybdate from slightly nitric acid solutions. 
The precipitate is soluble iit ammonium hydroxide. 

Metaphosphoric Acid, HPO 3 . Converted by nitric acid in hot solutions 
to the ortho form. Metaphosphoric acid Ls not precipitated by ammonium 
molybdate. 

Pyrophosphoric Acid, lI,PiOj. Converted to orthophosphoric acid in hot 
solutions by nitric acid. No precipitate is formed with ammonium molybdate. 


Comparison of Ortho, Meta and Ptrophosphoric Acids 


Rpugeiit. 

Ortho|)h«>8phoric 

Metaphosphorio 

acid. 

Pyrophosphorto 

acid. 


Yellow pj)t. 

No ppt. 
Coagulated 
No ppt. 
White ppt., 

AgPOj 

No ppt. 

No ppt. 

Not coagulated 
White ppt. 
White ppt., 
Ag,h0, 

No ppt. 




Silver nitrate in neutral solution. 

Yellow |)pt., 

Ag,H>4 

White ppt. 



Chapter contributed by Wilfred W. Scott. 
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Phosphorous acids are distinguished from phosphoric acids by the phosphine 
formed with the former when acted upon with zinc. 

Acid phosphates are distinguished from normal phosphates as follows; 
Neutral silver nitrate added to an acid phosphate liberates free nitric acid (Litmus 
test), the following reaction taking place: 

3 AgN 0 ,+NadrP 04 =Ag,P 0 .+ 2 NaN 0 ,+HN 0 ,. 

The solution resulting when silver nitrate is added to normal phosphate 
solution is neutral. 

SAgNOa+NadHh = Aga’(),+3Na\0,. 


ESTIMATION 

The determination of the pentoxide of phosphorus is retiuired in a largo 
number of substances, since it is widely distributed in the form of phosphates— 
calcium phosphate, CasiPO,),; fluor apatite, 3 C'a 3 (P 04 )j-CaF 2 ; chlor apatite, 
3Caj(P04)2-CaCl2; vivianito,Fc2(P04)2-8Il20;wavelite, 2A12(P04)2-A12(0 H)b-9H20; 
pyromorphito, 3 Pb 3 (P 04 ) 2 -PbCa 2 ; phosphates of iron and calcium in phosphate 
ores, hence in slags of the blast furnace. It occurs in fertile soils, bones, plant 
and animal tissues. 

The chemist is especially concerned in the detennination of phosphoric 
acid (PbOb), in the evaluation of materials used for the manufacture of the acid - 
bone ash and phosphate rock (see table below). Generally, determinations 
of lime, iron and alumina are also desired and frc(|uently a more complete 
analysis. In the analysis of phosphoric acid certain im))urities occurring in 
the crude material used are detennined, e.g., iron, lime, nuignesia, sulphuric, 
hydrochloric and hydrofluoric acids, etc. Phosphoric acid is determined in 
the evaluation of phosphate fertilizers, phosphates used in medicine, phosphate 
baking ]>owders, etc. 

The elcmimt is determined in iron, steel, phosphor bronzes, and other alloys. 




Tycioai, 

Analyses 




Substance. | 

1 

Charlrntt*wii! 

Spanish 

1 1 

i .Sombrero 

Redtituia 

1 Canadian 



PhnHphate. 

Phosphorite. 

PlioHphate. 

Phosphates. 

: Ptiosphate. 

Phosphoric oxide. . . . 

39.55 i 

27.17 

33.38 

I .35.12 

35.47 

37.68 

Sulphur trioxide. 


.3.30 

0.57 




Carbon dioxide. 

4.43- 

4.96 

4.10 

7.40 




52.4(j 1 

44.03 

47.16 

51.33 


51.04 

Magnesia. 

1.02 i 

0.37 

trace 






1.44 

0.89 

+Fe 

20.17 


Ferric oxide. 

o.ii 

0.43 

2.59 

1.02 

8.85 

A1,0., 



2.3« 

4.01 



F. etc. 



0.87 


0.42 

1 

= 6.88 

Silica — sand, etc. 

0.51 

5.60 

3.71 

2.02 

9.70 

4.29 


•Thorpo. “ Dictionary of Applied Chemistry,’* Longmans, Green Sc Co. 


Preliminary Remarks. Practically all procedures for the determination of 
phosphorus depend upon it's oxidation to ortho phosphoric acid and its pre¬ 
cipitation by ammonium molybdate from a nitric acid solution as ammonium 
phospho-molybdatc. It may now be determined either gravimetrically or 
volumetrically. Two procedures are of importance in the gravimetric deter- 
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minaiion of phosphorus; the first depends upon the direct weighing of the 
yellow phosphomolybdate, dried at 110® C.; the second, on the conversion of the 
yellow precipitate to the magnesium salt and its ignition to pyrophosphate. 
Two volumetric procedures, which are of special value in the determination of 
small amounts of pho-sphorus as in case of phosphorus in iron and steel, are to be 
recommended for their rapidity and accuracy. One of these is to dissolve the 
ammonium phosphomolybdate in a known amount of standard caustic, titrate 
the excess of alkali with standard acid, which indicates the alkali required to 
neutralise the molybdic acid in the yellow precipitate. From this the 
amount of phosphorus present may bo calculated. A second procedure of equal 
accuracy and rapidity is to dissolve the molybdate in ammonia, add an excess 
of sulphuric acid, pass the warm solution through a column of sine and titrate 
the reduced molybdic acid with standard potassium permanganate, the amount 
of permanganate required being a measure of the phosphorus present. 

The impurities interfering in the procedures are silica and arsenic acid. The 
first may be eliminated by dehydration of the silicic acid in the solution and its 
removal as insoluble SiOi by filtration. Arsenic in small quantities does not 
interfere under certain conditions; in large quantities its removal is imperative. 

Preparation and Solution of the Sample 

Amount of the Sample Required. For accurate results it is advisable to 
take a fairly large sample, 6 to 10 grams, and when it has been dissolved, to 
dilute to a definite volume, 500 or 1000 cc. Aliquots of this solution are taken 
for analysis. 

Iron Ores, Phosphate Rock and Minerals. Five to 10 grams of the pul¬ 
verized material placed in a .3-in. jx)rcclain dish are digested for an hour with 
50 to 100 cc. of concentrated hydrochloric acid (sp.gr. 1.19), the dish being covered 
by a clock-glass and plac(!d on a steam bath. The acid is now diluted with 
half its volume of water and the solution filtered into a porcelain dish of suf¬ 
ficient capacity to hold the filtrate and washings. The residue is washed with 
dilute hydrochloric acid (1:1) until free of visible iron discoloration. The 
filtrate and washings are evaporated rapidly on a hot plate to small volume 
and then to dryness over the steam bath. Meanwhile the imtoluble residxie and 
filter are ignited in a 20-cc. platinum crucible over a M^ker burner or in a muffle 
furnace and the residue fused with ten times its weight of .sodium carbonate. 
The fusion is removed by inserting a platinum wire into the molten mass, 
allowing to cool and then gently heating until the mass loosens from the cru- 
ciblf, when it may be removed on the wire. The cooled mass on the wire and that 
remaining in the crucible are dissolved in dilute hydrochloric acid, and the 
filtered solution added to the main solution. The combined solutions are 
evaporated to dryness, and heated gently to dehydrate the silica. The residue 
is ^en up with a few cc. of hydrochloric acid, the solution diluted, filtered 
and the SiO, washed with dilute nitric acid solution. The combined filtrates 
are made up to 500 or 1000 cc. Aliquots of this solution are taken for analysis. 

Iron and Steel. Five to 10 grams of the drillings or filings are dissolved in an 
Erlenmeyer flask with 50 to 100 cc. of dilute nitric acid, 1 :1, more acid being 
added if necessary. When dissolved, a strong solution of KMnO* is added 
until a pink color appears; on boiling brown manganese dioxide forms in the 
solution if a sufficient amount of permanganate has been added. This is dis- 
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solved by adding 2% sodium sulphite solution in just sufficient quantity to 
dissolve the precipitate. The solution is diluted to a convenient volume for 
analysis. Where a number of determinations are to be made, it is advisable 
to weigh the amount of sample desired for the determination and to precipitate 
the ammonium phosphomolybdate in the flask in which the drillings have 
been dissolved. 

Ferro-Silicon, Iron Phosphide and Acid Insoluble Alloy Steels. Decom¬ 
position is best accomplished by fusing 1-2 grams with 10-15 grams of a 
mixture of sodium carbonate and magnesium oxide (2:1). (A blank should 
be run on the reagents and allowance made for any phosphorus present.) 
The fusion is dissolved in hydrochloric acid, then taken to dryness and the 
SiOj filtered off. The SiOs is treated with HF and a few drops of HjSOs 
in a platinum dish and taken to fumes. The residue is fused with NajCOj, 
and the fusion dissolved in HCl and the solution added to the main filtrate 
containing the iron and phosphate, etc. This filtrate is concentrated to 
near dryness, 10 cc. nitric acid added and the evaporation repeated. This 
concentrate is diluted to about 25 cc. and phosphorus precipitated with 


ammonium molybdate solution as usual. 

Ferro-Tltanium, Metallic Titanium. The fusion, obtained as directed for 
ferro-silicon, is extracted with water to dissolve out the sodium phosphate. 
The residue is fused with sodium carbonate and again extracted with water. 
The water extracts of the two fusions is examined for phosphorus. The 
extracts are made acid with nitric acid, the solution evaporated to near dry¬ 
ness, nitric acid added and the concentrated solution treated as directed for 

steel. Iron, in this case, has been removed with titanium. 

Materials Containing Tungsten. The alloy is dissolved in dil. HNOs ana 
evaporated to dryness, HCl is now added and the solution again evaporated 
to dryness, the residue is taken up with HCl and again evaporated. Ihis 
residue is extracted with dil. HCl and washed with acid ammonium nitrate. 
Iron and phosphorus arc in solution. Si and W remain insoluble. . . 

Ores Containing Titanium. Titanium may be recognized by the red color 
produced by hydrogen peroxide, HjOs, added to the sulphuric acid extract; also 
by the reduction test with zinc, which causes a play of colors, the solution becom¬ 
ing colorless by the reduction of iron, then, in presence of titanium, pink, purple 
and finally blue. (Vanadium gives similar tests.) Solutions containii^ titanium 
frequently appear milky when the solution is diluted before filtering off the insol¬ 
uble residue. Since titanium forms an insoluble compound with phosphoric acid 
and iron oxide * the final residue, obtained by the method of solution for ores, 
phosphate rock and minerals, should be moistened with sulphuric acid anq the 
silica expelled with hydrofluoric acid. The solution is evaporated to dryn^ and 
to SOi fumes, the residue fused with sodium carbonate and taken up with boiling 
water. TiOj remains insoluble, while PsOs passes into the filtrate. 

Determination of Phosphorus in Organic Matter. Decompose the organic 
matter with nitric acid in a sealed tube according to the methM of Oassius 
described on page 145, and determine the phosphoric acid formed. 

Soluble Phosphates, Phosphats Baking Powder, etc. A water extract 
is generally sufficient to get the material in solution. In case iron, alumina, lime 
and magnesia salts are present, as may occur in baking jwwders, m extraction 
with dilute 3% nitric acid is necessary. It is advisable to dissolve a^ to 10-gram 
sample and take an aliquot piart of the solution made up to a definite volume. 
Before precipitating with ammonium phosphomolybdate, 5 pams of mnmomum 
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GRAVIMETRIC METHODS FOR DETERMINATION OF 
PHOSPHORUS 

A. Direct Weighing of the Ammonium Phosphomolybdate 
Precipitation of Ammonium Phosphomolybdate 

Precipitation of ammonium phosphomolybdate is common to all subsequent 
methods for determination of phosphorus. 

Reaction. 

HiP04+12(NH4)2Mo04+21 HN0,= (NH4)3P04.12Mo 0,+21 NH4NOa+I 2 H 2 O 

Amount of Sample Required for Analysis. In volumetric procedures the 
amount of sample should be such that the phosphorus content will be be¬ 
tween 0.005 and 0.05 gram phosphorus. In gravimetric procedure twice this 
amount is desirable. 

Ammonium Molybdate Reagent. See pages 368, and the chapter on 
Reagents. 

Precipitation. The free acid of the solution is nearly neutralised by addi¬ 
tion of ammonium hydroxide. In analysis of phosphate rock or materials com¬ 
paratively low in iron, it is advisable to add ammonium hydroxide in quantity 
sufficient to cause a slight pennanent precipitate followed by ju.st sufficient HNOi 
to dissolve the precipitate. In iron and steel analysis ammonhim hydroxide is 
added until the precipitated iron hydroxide dissolves with difficulty and the 
solution becomes a deep amber color or cherry red. In analysis of soluble phos¬ 
phates, litmus impor dropjied into the solution indicates the neutral point. 
Nitric acid is added to the neutral or slightly acid solution, 5 cc. of acid for every 
100 cc. of solution. A volume of 1.50 to 200 cc. of solution is the proper dilu¬ 
tion for samples taken in amounts above recommended. To the wann solu¬ 
tion (not over 80° V.) ammonium vudybdate is added, 60 cc. of the reagent being 
required for every O.l gram of PjOs present. The solution is stirred, or shaken, 
if a flask, until a cloudy precipitate of anunonium phosphomolybdate appears. 
It is then allowed to settle on the steam bath at a temperature of 40 to 60° C., 

' for one hour, then again agitated and allowed to settle in the cold for an hour 
longer. The filtrate should be tested with additional ammonium molybdate for 
phosphorus. The yellow precipitate is filtered and washed with 1% HNOj solu¬ 
tion followed by a 1% solution of KNOa, or NH 4 N()j or (NH 4 ) 2 S 04 ns the special 
case requires. Filtration through asbestos in a Gooch crucible is to be recom¬ 
mended. When a large number of detenninations are to be made, as in case of 
iron and steel, filter paper is more convenient. 

A. Direct Weighing of the Ammonium Phosphomolybdate 

The sample being dissolved and the ammonium phosphomolybdate precipitated 
acconling to directions already given above, the suiiernatent solution is filtered 
through a weighed Gooch crucible and washed twice by decantation with 
dilute nitric acid (1%), the precipitate washed into the Gooch, followed by two 
washings with 1% KNOs or NH4NO* (neutral solutions) and finally with water. 
The precipitate, free from contaminating impurities, is dried for two hours in an 
oven at 110° C., then cooled in a desiccator and weighed. Weight of precipi- 
tateXO.0165 -P, or X0.03784 -PA. 

Note. If this pres^edure i^o be followed it will be convenient to take 1.85 tfams 
sample, if the phosphorus con^nt wigiallow. Rach 0.01 gram of precipitate will then 
squallVoP. ' 
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B. Determination of Phosphorus as Magnesium Pyrophosphate 

Magnesia Mixture, For precipitation of ammonium magnesium phos¬ 
phate, 110 grams of magnesium chloride (MgClj'6HiO) are dissolved in a small 
amount of water. To this are added 280 grams of ammonium chloride and 
700 cc. of ammonia (sp.gr. 0.90); the solution is now diluted to 2(K)0 cc. with 
distilled water. The solution is allowed to stand several hours and then filtered 
into a large bottle with glass stopper. Ten cc. of the solution should be used for 
every 0.1 gram P20j present in the sample analyzed. As the reagent becomes 
old it will be necessary to filter off the silica that it gradually accumulates from 
the reagent bottle. 

Procedure. The ammonium phosphomolybdatc, obtained as directed (page 
365), is filtered onto a 12J S. & S. No. 589 filter paper and washed four or five times 
with dilute 1% HN0». The precipitate is now dissolved from the filter by a fine 
stream of hot ammonium hydroxide, 1:1, catching the solution in the beaker in 
which the precipitation was made. The solution and washings should be not over 
100 to 150 cc. Hydrochloric acid is added to the cooled solution to neutralize the 
excess of ammonia, the yellow precipitate, that fonns during the neutralization, 
dissolving with difficulty, when sufficient acid has been added. To the cooled 
solution cold magnesia mixture is added drop by drop (2 drops per second) with 
constant .stirring. Ton cc. of the reagent will precipitate 0.1 gram P,Os. When the 
solution becomes cloudy the stirring is discontinued and the precipitate allowed 
to settle ten minutes. Ammonium hydroxide is added until the solution con¬ 
tains about one-fourth its original volume of strong amntonia (e.g. 25 cc. NH 4 OH, 
90 to 100 cc. of solution). The solution is stirred during the addition and theh : 
allowed to settle for at least two hours. It is filtered preferably, thr.ough a 
Gooch crucible (or through an ashless filter paper), and the precipitate washed 
with dilute ammonium hydroxide, 1 : 4, then placed in a jxtrcelain crucible, a 
few drops of saturated solution of ammonium nitrate added and the precipitate 
heated over a low flame till decomposed (or until the paper chars). The lumps 
of residue are broken up with a platinum rod and again ignited over a Scimatico 
or M6ker burner, the heat being gradually increased. If the heating is properly 
conducted, the resultant ash will be white or light gray, otherwise it will be 
dark. The addition of solid ammonium nitrate aids the oxidation in obstinate 
cases, but there is danger of slight mechanical loss. The crucible is cooled in a 
desiccator and the residue weighed as magnesium pyropho.sphate. 

Mg2P,O,X0.2787=P and Mg2P2O,X0.6.379 =P,Os. 

Direct Precipitation of Magnesium Ammonium Phosphate 

In the absence of heavy metals whose phosphates are insoluble in an ammo- 
niacal solution, the magnesia mixture may l)e added directly to the neutral solu¬ 
tion contaming the phosphate, without previous precipitation of ammonium 
phosphomolybdatc. The magnesium ammonium phosphate is washed and 
ignit^ according to directions given above, and weighed as magnesium pyro¬ 
phosphate. ^ 

The use of the Gooch crucible for the anunonium phosphomolybdatc and the 
ammonium magnesium phosphate precipitates is recommended in preference 
to filter paper. See precautions on page 375. 
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VOLUMETRIC METHODS FOR THE DETERMINATION 
OF PHOSPHORUS 

These volumetric procedures arc especially applicable for determining 
small amounts of phosphorus such as arc present in steel and in alloys. 

C. Alkalimetric Method 

The method is based on the acid character of ammonium phosphomolyb- 
date, the following reaction taking place with an alkali hydroxide: 

2(NH,),.12MoO,.P04+46NaOH 

= 2(NHj)2lIP04+(NH4)2Mo04+23NajMo04+22HjO. 

From the reaction 46 molecules of sodium hydroxide are equivalent to 
one molecule of P 204 , hence 1 cc. of N/10 solution of sodium hydroxide neu¬ 
tralizes the yellow precipitate containing an equivalent of .000309 gram 
of PjO|. (N equivalent of P=31-5-23 = 1.3.').) 

Solutions Required. Nitric Acid for Dissolving: Mix 1000 cc. of HNOi, 
sp.gr. 1.42, and 1200 cc. of distilled water. 

Nitric Acid for Washing; Mix 20 cc. of IINOj, sp.gr. 1.42, and 1000 cc. 
of distilled water. 

Ammonium Molybdate; Solution No. 1. Place in a beaker 100 g. of 
85 per cent molybdic acid, mix it thoroughly with 240 cc. of distilled water, 
add 140 cc. of NH 4 OH, sp.gr. 0.90, filter and add 60 cc. of HNOj, sp.gr. 1.42. 

Solution No. 2. Mix 400 cc. of HNOa, sp.gr. 1.42, and 960 cc. of distilled 
water. 

When the solutions are cold, add solution No. 1 to solution No. 2, stirring 
constantly; then add 0.01 gram of ammonium phosphate dissolved in 10 cc. 
of distilled water and let stand at least 24 hours before using. 

Potassium Nitrate, 1 per cent: Dissolve 10 g. of KNOj in 1000 cc. of 
distilled water. 

Phenolphthalein Indicator; Dissolve 0.2 g. of phenolphthalein in 50 cc. of 
95 per cent ethyl alcohol and 50 cc. of distilled water. 

Standard Sodium Hydroxide: Dissolve 6.5 g. of purified NaOH in 1000 cc. 
of distilled water, add a slight excess of 1 per cent solution of barium hydroxide, 
let stand for 24 hours, decant the liquid, and standardize it against a steel of 
known phosphorus content as determined by the molybdate-magnesia method, 
BO that 1 cc. will be equivalent to 0.01 per cent of phosphorus on the basis 
of a '2-g. sample (see notes). A 0.1 N or N/10 solution contains 4 g. NaOH 
(100%) per 1000 cc. 

Protect the solution from carbon dioxide with a soda-lime tube. 

Ferric Chloride: Dissolve 100 g. of ferric chloride (phosphorus free) in 
100 CO. of distilled water. 

Standard Nitric Acid: Mix 10 co. of HNOj, sp.gr. 1.42, and 1000 cc. of 
distilled water. Titrate the solution against standardized NaOH, using 
phenolphthalein as indicator, and make it equivalent to the NaOH by adding 
distilled water. 0.1 N or N/10 solution contains 6.3 g. HNOi per 1000 co. 

Determination of Phosphorus in Ores and Minerals. See page 371. 

Determination of Phosphprus in Iron and Steel. See page 1045, Vol. II. 
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Detennination of Phosphoras in Copper Alloys 

In a 400-cc. casserole dissolve 1 g. of copper alloy metal in 10 cc. of HNOi, 
sp.gr. 1.42. Add 20 cc. of HCl, sp.gr. 1.20, and evaporate to dryness. Moisten 
with HCl, evaporate to dryness again, and bake to dull redness. Moisten 
with HCl again (add 3 cc. of ferric chloride solution unless iron is already 
present) and dilute to about 200 cc. with distilled water. Add NHiOH, 
sp.gr. 0.90, until the basic salts of copper have dissolved and the solution has 
become a deep blue. Boil, allow to settle, and filter t)n a loosely woven filter 
paper. Wash with dilute ammonia and with hot water. Dissolve the pre¬ 
cipitate on the filter with hot dilute HCM, dilute the solution to about 200 cc., 
add NH 4 OH, 8 p.gr. 0.90, until the precipitate which forms at first dissolves 
rather slowly, and saturate with n.jS gas. Filter off and reject the precipitate. 
Boil the filtrate to expel HjS, and add HNO3, sp.gr. 1.42, until the iron is 
oxidized. Add NH 4 OH, sp.gr. 0.90, until the solution is alkaline. Boil and 
filter on a loosely woven filter paper. Wash with dilute ammonia and with 
hot water. Dissolve the precipitate on the filter with HNOa (sp.gr. 1.42), 
receiving the solution in a 350-cc. Erlenmeyer flask. Add NH4OH, sp.gr. 
0.90, until the iron is entirely precipitated, and then add HNOs, sp.gr. 1.42, 
cautiously until the solution just becomes clear. Bring the solution to a 
temperature of about 80° C., and add 40 cc. of ammonium molybdate at 
room temperature. Allow to stand for one minute, shake or agitate for 3 
minutes, and filter on a 9-cm. paper. Wash the precipitate three times with 
the 2 per cent HNOj solution to free it from iron, and continue the washing 
with the 1 per cent KNO 3 solution until the precipitate and flask are free 
from acid. 

Transfer the paper and precipitate to a solution flask, add 20 cc. of distilled 
water, 5 drops of phenolphthalein solution as indicator, and an excess of 
standard NaOII solution. Insert a rubber stopper and shako vigorously 
until solution of the precipitate is complete. Wiush off the stopper with 
distilled water and determine the excess of NaOH solution by titrating with 
standard HNO3 solution. Each cubic centimeter of standard NaOH solution 
represents 0.01 per cent of phosphorus. 

Accuracy. Duplicate determinations should chock within 0.01 per cent 
of phosphorus. 

Notes. The ammonium-molybdate solution should lie kept in a cool place and 
should always be filtered before using. 

All distilled water used in titrations should be freed from carbon dioxide by boiling 
or otherwise. • 


Method for Steel 

Procedure. Preparation of the sample. Consult pages 364 and 366. 
4.fter oxidation of the sample by adding a strong solution of KMn 04 and 
>oiling, and dissolving the precipitated MnOj by reduction with sodium 
lulphite, the greater part of the free acid is neutralized by addition of ammonia. 
The solution will appear a deep cherry red color. No iron precipitate should 
)e present. Ammonium phosphomolybdate is now precipitated by addition 
)f ammonium molybdate according to the procedure outlined on page 366. 
This is filtered into a Gooch crucible containing asbestos, and washed once 
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or twice with water containing 1 % nitric acid, and then several times with a 
1 % neutral solution of potassium nitrate until the washings are free of acid, 
as indicated by testing with litmus paper. The asbestos mat containing the 
precipitate is transferred to a No. 4 beaker, 100 cc. of CO 2 free water added, 
followed by about 20 cc. of N/10 NaOH measured from a burette. The 
crucible is rin.scd out with .5 to 10 cc. of N/10 NaOH, the exact amount being 
noted and then with water, adding the rinsings to the main solution. Phcnol- 
phthalein indicator is added, and ihe excess of caustic titrated with N/10 
IINO».‘ The total NaOH added minus the acid titration equals the cc. of 
the caustic required to react with the yellow precipitate. 

One cc. of 0.1 N or N/10 NaOH=0.000136 gram of P. 

The exact factor should las determined as directed under Reagents. 

(ft) Method for Ores. See pages 364-367. 

D. Zinc Reduction and Titration with Potassium Permanganate 

Permanganate. Ferric-Alum Method. This method is based on the 
assumption that nmmotiium phosphomolybdate, (NIl 4 ) 3 . 12 Mo 03 .P 04 , is re¬ 
duced, in acid solution, by zinc, the molybdic acid, M0O3, forming the lower 
oxide M02O3, in which form it reacts with ferric iron in the receiving flask, 
reducing a corresponding equivalent of ferric salt to ferrous condition, being 
itself oxidized to M0O3. When the ferric solution is not placed in the receiving 
flask, a slight oxidation takes place, the oxide M 024 O 37 apparently being formed. 

Special Apparatus Required 

Jones’ Reductor. Details of the redactor arc given under the determina¬ 
tion of iron by the permanganate method, also under the Volumetric Determina¬ 
tion of Molybdenum. 

Solutions Required. 

Dilute Ammonia. Mix 100 cc. of NH 40 H, sp.gr. 0.90, and 900 cc. of 
distilled water. 

Dilute Hydrochloric Acid. Mix .'iOO cc. of IK.'I, sp.gr. 1.20, and 500 cc. 
of distilled wat(!r. 

Dilute Sulphuric Acid for Dissolving. Mix 200 cc. of H-SOj, sp.gr. 1.S4, 
and 800 cc. of distilled water. 

Dilute Sulphuric Acid for Reductor. Mix 500 cc. of H 2 SO 4 , sp.gr. 1.84, 
and 500 cc. of distilled water. 

Ammonium Molybdate. Solution No. 1. Place in a beaker 100 g. of 
85 per cent molybdic acid, mix it thoroughly with 240 cc. of distilled water, 
add 140 cc. of NH 4 OH, sp.gr. 0.90, filter and add to 60 cc. of HNO 3 , sp.gr. 1.42. 

Solution No. 2 . Mix 400 cc. of HNO3, sp.gr. 1.42, and 960 cc. of distilled 
water. 

When the solutions arc cold, add solution No. 1 to solution No. 2, stirring 
constantly, then add 0.1 g. of ammonium phosphate dissolved in 10 cc. of 
distilled water, and let stand at least 24 hours before using. 

Acid Ammonium Sulphate. Mix 25 cc. of H 2 SO 4 , sp.gr. 1.84, and 1000 cc. 
of distilled water, and then add 15 cc. of NH 4 OH, sp.gr. 0.90. 

Ferric Alum. Dissolve 200 g. of ferric ammonium sulphate crystals in 

* If a large (|iiantitv of yellow precipitate i.s imwent, five niimitcs should be allowed 
for the alkali to rcact before titrating tnc excess with standanl acid. 
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1950 cc. of distilled water. Add 50 cc. of H 2 SO 4 , sp.gr. 1.84, and 80 cc. of 
phosphoric acid, 85 per cent. 

Potassium Permanganate. Dissolve from 3.0 to 3.2 g. of KMn 04 in 
1000 cc. of distilled water. Allow the solution to stand for about one week, 
and then filt(!r it through an asbestos filter. Standardize by using about 
0.200 g. portions of pure sodium oxalate—29.85 cc. of 0.1 N solution. Sec 
pages 13 and 790. 

Standard for Phosphorus in Steel. The exact value of the iwrmanganate 
solution may be accurately and rapidly determined in terms of phosphorus by 
standardizing against a sample of standard steel containing a known amount 
of phosphorus, the ultimate standard being steel drillings furnished by the 
Bureau of Standards. The drillings are dissolved in nitric acid, oxidized with 
KMn 04 , the excess of the reagent being destroyed by sulpbite solution. 
Ammonia is added until the solution becomes a deep amber color. The 
phosphorus is precipitated as ammonium phosphomolybdate. The following 
procedure is the same as is given in the volumetric method following: The 
permanganate titration of the reduced molybdic acid divided into the amount 
of phosphorus known to be present in the solution will give the value of the 
permanganate in terms of phosphorus. 


Wt. of P in sample 
cc. KMn 04 required 


= amount of P per cc. of KMn 04 . 


Method. In a 400-cc. ca.sscrole dissolve 1 g. of the metal in 10 cc. of 
HNO3, sp.gr. 1.42. Add 20 cc. of HCl, sp.gr. 1.20, and evaporate to dryness. 
Moisten with IK.'l, evaporate to dryne.ss again, and bake to dull redness. 
Moisten with IICl again, and dilute to about 200 cc. with distilled water and 
filter if cloudy. To the solution add NIIiOH, sp.gr. 0.90, until the iron is 
entirely precipitated, and then add HNO 3 , sp.gr. 1.42, cautiously until the 
solution just becomes clear, the solution having an amber color. Bring the 
solution to a temperature of about 80° ( 1 ., and add 40 cc. of ammonium 
molybdate at room temperature. Allow to stand for one minute, shake or 
agitate for 3 minutes, filter on a 9-cm. paper, and wash very thoroughly (about 
25 times) with acid ammonium sulphate. Dissolve the precijiitate on the 
paper using 50 cc. of dilute ammonia. Add 10 cc. of H.iS() 4 , sp.gr. 1.84, 
and immediately pass the solution through a .Jones reduebjr, which has the 
rcductor tube prolonged and reaching nearly to the bottom of the flask, dipping 
into 50 cc. of ferric-alum solution.* Wash through the rcductor with 150 cc. 
of distilled water, and follow with an additional 100 cc. of distilled water. 
Titrate with standard KMn 04 . 

By this method the molybdenum in passing through the rcductor is reduced 
entirely to the form M02O3, and is oxidized by the ferric alum to the form 
MoOj, an equivalent amount of iron being reduced to the ferrous condition. 
As the yellow precipitate contains one atom of phosphorus to each twelve 
molecules of M0O3, and as three atoms of oxygen oxidize two of molybdenum, 
eighteen oxygens or thirty-six irons are equivalent to one phosphorus. There¬ 
fore, the iron value of the permanganate multiplied by the factor P/36XFe 
(or 0.01640) gives the value of the permanganate in terms of phosphorus. 

Accuracy. Duplicate determinations should check within 0.00.5 per cent 
of phosphorus. 


* It is not required to heat the solution for reduction as is sometimes stated in 
text books. 
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Notes. The ammonium-molylxlate solution should be kept in a cool place and 
should always be filtered l)cforc using. 

A blank determination should Ixs made on corresponding amounts of acid and water, 
passing through the reductor into the usual amount of ferric-alum solution in the flask. 

A smdl quantity of liquid should always be left in the reductor funnel, and air 
should never txj allowed to enter the reductor. 

Description of the Jones reductor is given on pages 319 and 320. 

In absence of ferric iron the reduced molylalate is an amber or brown color. During 
titration with KMn 04 the color changes to a reddish yellow and fades to a colorless 
solution, and then the permunganute pink color is obtained. 

Calculation. Case 1. If ferric sulphate is in the receiver (flMojOj-f-lSO 
= I 2 M 0 O 3 in the molecule containing IP), 180 are equivalent to 36H, hence 
N/10 P according to this reaction equals at.wt. P divided by (36X1000) = P 
for 1 cc. of N/10 KMnOi= .0000802 g. P. 

Case 2. No ferric salt in receiver. Mo24037+350=24Mo03-l-2P.(350 
= 7011). Dividing by 2 we get at.wt. P divided by (35X1000) = P for 1 cc. 
of N/10 KMn 04 = .0000887. 

Notes. In case the alkalimctric method is chosen, it will bo necessary to wash 
the precipitate free of acid by washing with neutral ammonium nitrate. (Washing 
with pure water is prohibited owing to the solubility of the precipitate.) A litmus 
paper test of the filtrate coming from the funnel is the usual practice of ascertaining 
whether this washing is complete. .Sufficient time should lie atlowcd for the standard 
alkali to react with the precipitate Ixiforc aildition of standard acid in the titration 
of the excess alkali, otherwise the results will lie low; this is specially true if much 
“yellow precipitate” is present. If the permanganate method has liecn chosen, washing 
the precipitate with ammonium sulphate is the general practice, as the presence of 
nitrate salts in the precipitate would cause error in this reduction method. 

As ammonium molylxlate is apt to deteriorate after standing for several weeks, 
it is advisable to test the reagent before use. A fresh solution should be made up 
every ten or fifteen days. 

In precipitating phasphorus it must lx> rcnicmlHircd that overheating the solution 
will cause the precipitation of molylxlic oxide; should this be suspected, the magnesium 
pho^hate method will correct results. 

Special Steels and Alloys. Steels containing titanium, tungsten, vanadium, etc., 
require a special treatment in preparing these for analysis, in the determination of 
pho^horus. Directions are given for these on the following page, 370a. 

Ferro-Silicon, Iron Phosphide and Acid-Insoluble Alloy Steels. Decomposition is 
best accomplished by fusing 1-2 grams with 10-16 grams of a mixture of sodium car¬ 
bonate and magnesium oxide (2 ; 1). (A bhank should be run on the reagents and 
allowance made for any phosphorus present.) The fusion is dissolved in hydrochloric 
acid, then taken to dryness and the .SiOs filtered off. The SiOs is treated with HF 
and a few drops of HjStli in a platinum dish and taken to fumes. The residue is fused 
with NasCOs, and the fusion dtssoived in HCl and the solution added to the main 
filtrate containing the iron and phosjihate, cle. This filtrate is concentrated to near 
dryness, 10 cc. nitric acid added, and the evaporation repeated. This concentrate 
is dijuted to about 26 cc. and phosphorus precipitated with ammonium molybdate 
solution os usual. 

Ferro-Titanium, Metallic Titanium. The fusion, obtained as directed for ferrq- 
silicon, is extracted with water to dissolve out the sodium phosphate. The residue is 
fused with sodium carlionate and again extracted with water. The water extracts of 
the two fusions are examined for phosphorus. The extracts arc made acid with nitric 
acid, the solution evaporated to near dryness, nitric acid added and the concentrated 
solution treat^ os Erected for steel. Iron, in this case, has been removed with titanium. 
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Preparation of Cast Iron and Alloy Steels for the Determination of Phos¬ 
phorus. Cast Iron. One gram or more of the sample is dissolved in 50 co. of di¬ 
lute nitric acid, the solution evaporated to dryness and baked at 200° C. for an 
hour, 15 cc. of hydrochloric acid (d. 12) are added and the solution again 
evaporated to dryness. 16 cc. hydrochloric acid are added to the residue and 
20-30 cc. of water and the silica is filtered off and washed with water.* The 
filtrate is evaporated to pasty consistency, 15 cc. of nitric acid are added and 
the solution evaporated to near dryness, this treatment is repeated and the 
residue then taken up with 15 cc. of water. Phosphorus is now precipitated 
according to the directions for phosphorus in the steel solution. 

Iron Containing Titanium. The material is treated as in case of cast iron. 
Any residue remaining from the nitric acid evaporation is treated with HF 
and H 2 SO 4 as in case of cast iron. (Use platinum dish.) The residue re¬ 
maining from the HF treatment is taken up with a little HCl and filtered. 
The filtrate being added to the main solution containing iron and phosphorus. 
The solution is heated to boiling and an ammonium acid sulphite solution is 
added, dropwise (2 cc. of NH 4 OH saturated with SO 2 and 10 cc. NH 4 OH). 
A precipitate will form, which dissolves. In case it does not, on stirring, 
the solution is cleared by adding a few drops of HC'l, and the addition of 
sulphite continued. When all but 1-2 cc. of the reagent is added, the solution 
is heated. Ammonium hydroxide is now added droj) by drop to the hot 
solution until a slight greenish precipitate is formed in the solution, which 
remains undissolved on stirring. Now the remaining 1-2 cc. of the sulphite 
is added. If a precipitate forms (titanium hydroxide) which does not redissolve 
on stirring, HCl is added drop by drop until the solution clears. The odor 
of SO 2 should be evident. If not, more sulphite should be added and the 
solution again cleared. 5 cc. HCl arc added, CO 2 passed through the solution, 
which is heated to boiling to expel excess of SO 2 , the iron riunaining in the 
reduced form. Sufficient ferric chloride is now added to combine with all 
the phosphorus and a slight excess. 

The solution is cooled under tap water and ammonium hydroxide added 
drop by drop until green ferrous iron precipitate redissolves, and then a white 
precipitate of titanium hydroxide and ferric phosphate remains and an addi¬ 
tional drop causes a distinct reddish tint and the appearance! of a green pre¬ 
cipitate with one more. If the red color does not appear, the green precipitate 
is dissolved with a few drops of HCl and additional ferric chloride solution 
is added. The addition of ammonia is now repeated. A reddish color of 
excess of ferric hydroxide should be evident. 

A few drops of acetic acid (d. 1.04) are added to dissolve the green precipi¬ 
tate, the red remaining undissolved, and 1 cc. excess. The solution is dilated 
to about 450 cc. with hot water, boiled 1 minute, then rapidly filtered, and 
washed once or twice with hot water. The filtrate passes through clear, 
but will become cloudy upon oxidation of iron. 

The residue is dried, separated from the filter, the latter burned and its 
ash added to the main residue. This is mixed with 5 grams of sodium carbonate 
and about 0.2 g. potassium nitrate and fused in a platinum crucible for half 
an hour. The fusion is extracted with water and the solution filtered. The 
filtrate contains all the phosphorus as sodium phosphate. 

* Traces of P in residue are recovered by treating with HF and H1SO4 and expelling 
SiOt. 
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Tho filtrate is acidified with nitric acid and evaporated to near dryness, 
then taken up with a few cc. of water and to a volume of 25 cc. is added the 
ammonium molybdate solution according to the procedure for iron and steel. 
The procedure from this stage is the .same as for steel. 

Vanadium Steels. In pre.sence of vanadium the ammonium phospho- 
molybdate will be contaminated with vanadium, so that its presemie requires 
a special treatment. If less than 2.5% Ls present, the regular procedure for 
steel is followed with the exception that just before adding the ammonium 
molybdate, 5-10 cc. nitric acid an; added. 

If more than 2.5% of vanadium is present, the following procedure is 
recommended by C. M. Johnson (J. I. K. C., 11, 113 (1919)): 1 gram of 
steel is treated in a covered 250-cc. porcelain dish with a mixture of 30 cc. 
concentrated hydrochloric acid and 30 cc. concentrated nitric acid, and the 
solution is heated for an hour. The cover is rinsed off into the main solution, 
100 cc. of strong nitric acid is added and the solution evaporated to dryness 
and‘baked for 5 minutes at 200° 0. The oxides are dissolved in 35 cc. of 
concentrated hydrochloric acid and the solution evaporated to about 10 cc. 
10 cc. of nitric acid are added and tiie covered solution heated for a few minutes. 
The solution is filtered through asbestos, on a small wad of glass wool in a 
funnel. The vanadium oxide residue is washed 15 times with small portions 
of a solution containing 200 cc. concentrated nitric acid, 100 cc. water and 
20 grams of ferric nitrate (fr('e from phosphorus). The filtrate is concentrated 
to 10 cc. If a precipitate forms V-..() 4 , it Ls filtered off and the washing repeated, 
the filtrate is again evaporated and filtered if necessary. If no precipitation 
occurs in the filtrate upon concentration, 40 cc. of nitric acid arc added and 
the phosphorus precipitated with ammonium molybdate ‘ as usual. 

Note. Vanadium may also lx; i)reci|>itated by concentration to about 20 cc., 
neutralising the greater part of tho aci<l and adding ammonium chloride solid to satura¬ 
tion. The precipitate is washed with a saturated solution of NIT<01. 

* Johnson recommends ammonium molylMlatc that contains 55 grams of ammonium 
molybdate, .50 grams of ammonium nitnite, 40 cc. ammonium hydroxide, and 700 cc. 
water. After heating for half an hour, the solution is diluted to l(X)0 cc. The solution 
is allowed to .settle for 24 hours and is filtered. It is slightly ainmuni.acul. 
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Report of the Committee on Research and Analytical M;;thods— 

Phosphate Rock * 

The {ollowing tentative atandard methods for sampling and determination of 
moisture, phosphoric acid and iron and alumina in phosphate rock are recommended 
to the Division. 


Methods of Sampling and Determination of Moisture 

1. Gross Sample. A. Car ShipmerUs. One hundred poimds sample per car. 

1. Sampling from the Car. In sampling car shipments in the car at least ten 
scooiishovelsful, aggregating 100 lbs., shall bo taken from each car at approximately 
equal distances from each other so as to average the car. Care shall be taken to 
see that each scoopl'ul shall cover the entire face of the pile from floor to top. 

2. Sampling from the Cart or Harrow. A small hand scoopful of 1 to 2 lbs. shall 
be taken from each cart or barrow either as it is being loaded or as it loaves the car. 

B. Cargo Shijnnents. One hundred i)ounds minimum sami)lc j)cr vessel. 

1. Sampling in Hoisting Tub. In sampling cargoes generally running from 1000 
tons upward a small hand scoopful shall be taken fronx ai)))roximalely every tenth 
tub before it is hoisted from the hold. 

2. Sampling from Conveyor. Ii unloading is being done with automatic bucket 
and conveyor, periodical sections of the entire discharge of the conveyor shall be taken 
of such intervals and (piantity as to give a sample crpiivalent t > ai>proximatcly 1 lb. 
per each 10 tons of cargo. 

3. Sampling from Conveying Vehicle. .Sample.s shall bn taken with a hand scoop 
from various cars at such regular intervals and in such quantities as to give approx¬ 
imately 1 lb. for each 10 tons of cargo. 

II. Laboratory Sample. The resulting gross .sample obtained by any one oi the 
methods outlined shall be crushed to pass a four-mesh screen, thoroughly mixed on a 
clean, hard surface and quartered down to a 10-lb. average sample. 

A. Crushing. This 10-lb. sample shall all be crushed to i>ass an eight-mesh 
screen. 

B. Mixing anti Quartering. This eight-mesh sample shall be carefully mixed 
and quartered down to two 2-lb. samples. 

C. Grinding. 1. Moisture Sample. One of thrae 2-lb. samples shall be held in an 
air-tight container. This sample is to be used for the determination of moisture. 

2. Analytical Sample. The other 2-lb. sample slmll be further mixed and quartered 
down to a 2- or 4-oz. sample which is then to be ground to pass a sixty-mesh screen 
or preferably a sixty-five mesh screen. This sanqde is to be used for the analytical 
detennination. 

Notk. It is essential that the taking of the gross sample be done with small 
hand scoops and that the practice of taking the sample in the hand be absolutely 
prohibited, for it has been found that there is considerable selective action in the 
finer materials sifting through the Ungers while a scoop retains the entire sample. 

The dimensions of the screens referred to above are to be as follows; 


No. of MchH 

4 

8 

65 


Six' of Openins 
laches 

0.185 

0.093 

0.0082 


Ditimeter of Wire 
Inches 

0.065 

0.032 

0.0072 


in. Determination of Moisture. Moisture is to be determined on both the 
moisture sample and analytical sample. Of the moisture sample not less than 100 
grams are to be weighed out for each detennination. Of the analytical sample approx- 
miately 2 grams are to be weighed out for each determination. Both are to be dried 
to constant weight at a temperature of 105° C. in a well-ventilated oven, preferably 
with a current of dry air passing through the oven. The containers in which moist¬ 
ure is determined should be provided with well-fitting covers so that the samples 
may be cooled and weighed in the well-covered container. 

oi > Journ. Ind. and Eng. Chem. 
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IV. Calculation of Results. The percentages of phosphoric acid and iron and 
alumina as determine on the analytical sample are to be calculated to a moisture- 
free basis and subsequently to the basis of the original sample as shown by the moist¬ 
ure content of the moisture sample. 

Determination of Phosphoric Acid 

ReagenU. To be prepared as in Official Methods, A. O. A. C. Bureau of Chemistry, 
Bulletin 107 (Hev.), 1910, p. 2. Preparation of reagents (e), (d), (e) and (/), except 
that the ammonium nitrate solution in (d) is changed to 5% instead of 10%. 

Method of Solution. To 6 grams of the sample add .30 cc. of cone, hydrochloric 
acid (sp.gr. 1.20) and 10 cc. of cone, nitric aeia (sp.gr. 1.42) and boil down to a 
syrupy consistency. 'I'he residue, which should be nearly solid after cooling, is taken 
up with 6 CO. of cone, nitric acid and .50 cc. of water. Heat to boiling, cool, filter 
and make up to 500 cc. through the filter. This procedure eliminates practically 
all of the silica and it is necessary to filter as quickly as possible after digestion so 
as to avoid redissolving the silica. 

Determination. Draw off an aliquot jwrtion of 50 cc., corresponding to 0.5 gram, 
neutralize with ammonia, then add nitric acid until the solution is just clear. Add 
15 mams of ammonium nitrate (free from phosphates), heat the solution to 50° C. 
ana add 1.50 cc. of molylHlato solution. Digest at 50° C. for fifteen minutes with 
frequent stirring. Filter off the supernatant liquid and test the filtrate with molyb¬ 
date solution to see if precipitation has been complete. (If not, add more molybdate 
to the filtrate and digest fur fifteen minutes longer.) Wash with 5 per cent ammoniuih 
nitrate solution by decantation, retaining as much of the precipitate as possible in the 
beaker. Dissolve the precipitate in the beaker in the least possible quantity of ammo¬ 
nium hydroxide (sp.gr. O.iNl) and dilute this solution with several times its volume 
of hot water. Dissolve the remainder of the precipitate on the filter with this solu¬ 
tion, washing beaker and filter with hot water and keeping the volume of the filtrate 
between 75 and 100 cc. Neutralize with hydrochloric acid, cool to room tempera¬ 
ture and add 25 cc. of magnesia mixture from a burette, drop by drop, stirring 
vigorously with a rubber-tipped rod, then add 15 cc. of ammonium hydroxide (sp.gr. 
0.90) and allow to stand for four hours or overnight at room temperature. The time 
of standing may bo reduced to two hours if kept in a refrigerator or still better in an 
ice-water bath. Filter through a platinum or porcelain Gooch crucible, fitted with 
a platinum or asbestos mat carefully made and ignited to constant weight. Wash 
with 2.5% ammonium hydroxide unlil ]iractically free from chlorides; dry, ignite, 
cool and weigh as magnesium pyrophos)>hate. If desired, filtration may be made 
through an adless filter ))a|>er, igniting m the usual manner. Calculate to PjOt by 
multiplying by 0.6378 (log 80408). 

Determination of Iron and Aluminum together as Phosphates 

1. Solutions Required; 1. llydrochlorie acid (1 : 1); prepared by mixing 1 part 
by volume of concentrated HCl (sp.gr. 1.19) with 1 part of distilled water. 

2. A saturated solution of ammonium chloride, which should bo filtered before 
use. 

3. A 25% solution of ammonium acetate, faintly acid to litmus paper. 

4. A solution of ammonium phosphate (lO'.’o), prepared by dissolving 20 grams of 
(NE 4 )tHP 04 in 180 cc. of distdled water and filtering, ('niis should be prepared 
frequently in small quantity, as it attacks glass containers on standing.) 

5. A standard solution of ferrous ammonium sul|)hatc, containing iron equivalent 
to about 0.0100 gram of FejOi in 10 cc. and 50 cc. cone. HCl per liter. 

6. A solution of calcium and magnesium phosphates for blank determinations, 
prepared as follows: Dissolve 4 grams of Mg() and 35 iprams of CaCOi (both free 
of tfon and aluminum) in 100 cc. concentrated HCl, add an aqueous solution of 30 
grams of (NH 4 )>HP 04 , make up to 2 liters and filter. 

7. A solution of ammonium nitrate (5%) for washing precipitates. About 400 cc. 
die required for each determination. 

All reagents used should be as pure as practicable and all solutions should be free 
of suspended matter. 

n. Preparatlott of Rock Solution. Place 2.5 grams of pulverized rock with 60 cc. 
of 1 :1 HCl in a graduated 250-cc. flask, the glass of which contains less than 1% 
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of iron and aluminum oxides.' Boil (^ntlv with occasional shaking for one hour in 
such a manner as to avoid concentratmg the solution to less than half of its original 
volume,* dilute, cool to room temperature, ntake up to volume and mix; filter 
imme^tely through a dry filter into a dry flask, discarding the first few co. of the 
filtered solution. 

Pipette a 50-cc. aliquot, representing 0.5 gram of rock, into a platinum dish and 
evaporate nearly to dryness.* Cool, take up with a few cc. of water and when the 
salts are loosenM from the dish, ado 5 cc. of 1:1 sulphuric acid and evaporate to 
fumes. Increase the temperature and evaporate nearly to dryness.* Cool, dilute 
with about 50 cc. of distilled water, add 10 cc. of cone. HCl and heat, with occasional 
stirring, imtil sulphates are dissolved. Filter into a 600-cc. Jena glass beaker through 
a 9-cm. paper (s! & 8. No. 597), washing the paper thoroughly with dilute HCl and 
hot water. „ . ....... 

ni. First Precipitation with Ammonium Acetate. To the solution in the beaker, 
add 25 cc. of the standard iron solution when the amount of combined iron 
aluminum oxides in the rock does not exceed 5% and 50 cc. of the standard iron 
solution when the combined oxides exceed 5%.* Oxidize with about 3 cc. of bromme 
water and boil in covered beaker for about fifteen minutes to expel the excess of 
bromine. Rinse cover and sides of beaker with distilled water and cool to room tern- 
T^r&^tir0 

(Run a blank determination containing 10 cc. of 1 ; 1 HCl, 25 cc. of the calcium 
and magnesium phosphate solution, and the same quantity of standard iron solution 
as is added to the rock solution.) . , . 

Add 100 cc. of saturated ammonium chloride solution,* 3 co. of 10% ammonium 
phosphate solution, 2 drops of methyl-orange indicator and cone, ammoniuin hydrate 
(free of spangles and dissolved mineral matter) to alkalme reaction, 'hen add 
dilute HCl (about 1 : 20) drop by drop, with constant stirring, until the solution 
becomes faintly acid and the pink color of the methyl orange is j^t rratored.* 
Dilute to 450 cc.* with distilled water, heat to boilmg, and add 25 cc. of 26% ammo¬ 
nium acetate solution. Continue heating for about five minutes, after adding amm<v 
nium acetate, filter on a 12.5 cm. ashless filter paper (S. & S. No. 589 ‘ White Ribbon 

' Experiments have shown that the solution cannot be made in flasks made of glass 
containing a hiiAer percentage of alumina, because the fluorine in the rock partially 
dissolves the gmss and adds alumina to the solution. Neither ‘ Nonsol, Jena 
nor “ Weber’s ” resistant glass “ R ” is suitable. Flasks made of glass cqntauung 
little alumina, such os “ Kavalier,” “ F Z resistant glass ” or other Bohemian gto 
of lower alumina content have proven satisfactory. Bee Chemical Glassware, 
P. H. Walker, J. Am. Chem. Soc., 27, 865. , „ , , „ „ 

» This may be accomplished by heating the flask over a low Bunsen flame or m a 
hot plate which is just hot enough to keep the solution boiling. A glass tube ataut 
12 ins. long by i in. in diameter with a bulb in the middle makes a very satisfactory 

condenser when placed in the neck of the flask. ..... j .• . u •' 

* It is advisable to remove as much of the HCl as possible before addmg sulphuric 
acid so as to minimize the chances of loss by effervescence or bumpmg. The evapo¬ 
ration may be conducted in glass beakers of low alumina content. Kavalier mass has 
been used satisfactorUy. In no case should the evaporation be conducted in por- 

* It is best to remove as much sulphuric acid as possible so that the calcium sqiphate 

which might hold iron will dissolve readily in HCl. .. ., 

‘ It & been found that when iron oxide is present in considerable excess over 
aluminum oxide the precipitation of the phosphates is niore complete, the combined 
phosphates are more readily ignited to constant weight, and the precipitate does 

not become red on ignition. i .m-x t i •_ j 

•Ammonium chloride in large quantity uicreasM the solubilitj^ of caictiMt and 
magnesium phosphates and decreases the solubibty of iron ^d aluminum phospwtes. 

^Ws method of adjusting acidity was suggested by F. B. Carpenter and was 
found to give satisfactory results. • • j 

•All our work has confirmed Brown.s statement (see Wileys I^mciples and 
Practice of Agricultural Analysis,” 2d edition. 1908, Vol. II, p. 246) that the a^a- 
ration from calcium under tne conditions ox the method depends upon sumcimt 
dilution. 
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is suitable), in a 3-in. rapid filtering funnel, keeping the contents of the beaker and fun¬ 
nel hot.* Wash three times with hot 15% ammonium nitrate solution, each time cut¬ 
ting the precipitate loose from the filter and stirring it thoroughly with the stream 
from the wash bottle and filling to within about i in. of its upner edge. About 30 cc. 
are required for each washing, lleturn the jirccipitate to the precipitating beaker 
by washing it out of the filter with a stream of hot water. Dissolve the iirccipitate 
with dilute HCl (1 : 6), iiouring about 50 cc. through the filter in succcasive washings 
and using about 25 cc. to wash down inside the beaker. Finish filter paper with 
distilled water. 

IV. Second Precipitation with Ammonium Acetate. Cool the solution to room 
temperature, add 50 cc. saturated ammonium chloride solution, 4 cc. of 10% ammo¬ 
nium phosphate solution, 2 drops of methyl orange, and adjust acidity as before. 
Dilute to 300 cc. with distilled water. Heat to boiling, add 15 ce. of 25% ammonium 
acetate solution and continue heating for about five minutes. Filter on the same paper 
as used for the first filtration, scrubbing the inside of the beaker with a rubber-tipped 
stirring rod and rinsing with hot 5% ammonium nitrate solution. Wash the pre¬ 
cipitate ten times with hot 5% ammonium nitrate solution, each time cutting the 
precipitate loose, stirring it thoroughly as before and breaking up all lumps that it may 
contain. About 3(X) cc. of wash solution are required. 

As a precautionary measure, boil the filtrate an<l lyashings from both the first 
and second precipitates, and recover any additional precipitiitc. 

V. Ignition oi Precipitate. Transfer filter with precipitate to a weighed decii- 
fonn porcelain crucible (40 mm. in diameter is a good si/.c) and heat gently over a low 
flame until the contents are dry, increase the temiierature a little and continue heating 
until the painir is eliarred, inenase the temperature again and continue heating until 
the pa(>er is entirely burned. Ignite the uncmieri'd * iiorcelain crucible for one-hour 
(icriods over blast lamp No. 4 Miikcr burner to constant weight, each time cooling to 
room teiniicrnturc in desiccator before weighing. Deduct the weight of blank from 
each determination, and aftiT subtracting the weight of FePOi equivalent to the 
amount of iron found in 0.5 gram of rock by titration, calculate the remainder to 
A1,0,. AlPO«X0.4184 = Ah()i. 


Determination of Iron 

1. Solutions Required. 1. Slamlard Polassium Pertmnganate, N/40, contain¬ 
ing 0.79015 gram of KMnf b (ler liter, and having a value of 0.(Xtl990 (or practically 
0.002) gram of FojOj per ce. Standardise with pure sodium oxalate (Bureau of 
Standards standard sample No. 40.) 

2. titanmus Chlnridn. Dissolve .50 grams of the crystallised salt in 100 cc. of 
hot cone. IICI and make uj) to 1 liter with distilled water. 

3. Mercuric Chloride. Prepare a cold stituraled solution. 

4. Matiganese iSalulion. (Preventive solution): (a) Dissolve 200 grams of crys¬ 
tallized manganese sulphate in KXX) cc. of water, (h) Pour slowly, with constant 
stirring, 400 cc. of cone, sulphuric acid into 6(X) ce. of water and add 1000 cc. of phos¬ 
phoric acid of 1.3 mi.gr. Mix solutions (u) and (6). 

II. Analytical Procedure. Determine iron according to Jones’ and Jeffrey’s 
modification of the Zmimermanii-Ueinhardt method * as follows: Place in a 250-oc. 
beaker an aliquot of the rock solution, containing not more than 5 cc. of cone. 
11(3 lioil ami reduce with the sniallcst (Kissiblo excess of stannous chloride, added 
drop tiy drop white agitating the solution. Wash sides of beaker with distilled 
water and cool rapidly. Add 10 cc. of mercuric chloride solution and stir vigor¬ 
ously for about thirty seconds.* Pour the mixture into a large porcelain casserole 
or dish containing W cc. of the manganese solution in about 500 cc. of water which 
has just been tinted with the permanganate solution. 

* The contents of the funnel will remain hot if the solution in the beaker is kept 
hot over a low flame and filtration is fairly rapid. 

* Heat over Bunsen to redness before placing over blast in order to prevent loss 
af precipitate by blowing out of crucible. 

•Analyst, 84 (1909), 306. ... 

* Bameby has shown that only a short interval of time is necesmry between the 
iddition of mercuric chloride and manganese sulphate, if the solution is thoroughly 
igitatcd. J. Am. Chem. Soc., 86 (1914). 
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Titrate with N/40 permanganate solution, to original tint and correct result by the 
volume of KMnOi required for a blank containing the same quantity of HCl (diluted), 
adding 2 or 3 drops of stannous chloride to the hot solution, cooling, adding 10 cc. 
of mercuric chloride and titrating similarly. 

When the rock solution contains carlxinaceous matter it is nece^ry first to 
oxidise this with a little potassium chlorate, evaporate to dryness to eliminate chlorine, 
and redissolve with H cc. cone. HCl and about 10 cc. of water. 

Calculate the FejOa found to FePOa, using the factor 1.889S, and after deducting 
from the weight of combined phosphates found, calculate the difference (Ali'Oa) 
to Ali(^ 


Volumetric Determination of Free Phosphoric Acid 

Phosphoric acid ntiay be titrated directly by means of standard sodium or potiissium 
hydroxide. The choice of the indicator is iiuporlant as may be seen by the following 
reactions; 

HjPOa+NaOH =lljO+NaH 2 POt (neutral to methyl orange, acid to phcnolphthalein), 
H 3 P 04 + 2 Na 0 H = 2 H 20 +Na 2 HP 04 (neutral to phenol, and acid to methyl orange). 
The slight di.ssociation of Na 2 HP ()4 causing an alkaline rc'action to phcnolphthalein 
prevents the endimint b(nng shari>. 'Plus dissociation may be repressed by titrating 
in a <‘old concent rated solution containing sexlium chloride. Tin! first, reaction with 
methyl orange indicator is more .satLsfactory. By the electrometric method J. S. Cove 
has proven that the endpoint of phenolphthalein is the full color of the idkaline salt, 
nut a faint pink. 

Ihderence is made to the chapter on Acidimilry and Alkalimitry', Volume 2, for 
titrating phosi)hori<; acid in presence of its salts. 

Sources of Error in the Determination of Phosphoric Acid 

McCandless and Burton have .shown ' that discrc;panci(‘s in the gravina-tric deter¬ 
mination of phosphorus in high grade materials arc; chiefly due to variations in tlm 
amount of HCl used in neutralizing the ammoniacal solution of the yellow pre<'ipitat.(!. 
A solution made Jieutral, using litmus pajK;r as imficator, has th(! pro|x'r netitrality. 
Plus ('rrors are caiistsl by adding the acid in c.\<;<‘as of the neutral point, and mitius 
errors by having ammonia in excess of neutrality'. 

The yellow |)r(!cipitati- contained in a small filtxir (7.!i cm.) is dissolvfxl by adding 
NH4OH <lrop by drop from a burette in just sufficient amount to dissolve the precipitate. 
The filter is washed free of the phosphate, the washing continued until the volume of 
the filtrate is lOO-l.'iO cc. To the cooled filtrate is added, drop bv drop, dilute H('l 
(I : 1), with constant stirring, until the <;olor of the litmus papi'r, pla(;ed in the solution, 
changes t.o a viohit. verging on blue rather than rod. Magnesia mixture is now added, 
drop i)y drop, in slight excess. Aftxir l.t minutes NH4OH (sp.gr. 0.90) is added, 12 cc. 
NH4OH to 1 (K) cc. filtrate or 18 cc. NH4ffH, if the volume is blO cc. The precipitate 
is w.ashed thoroughlv with 2..5% NH 4 ()H wat4-r, and finally with a strong NH 4 N()j 
solution in ammonia water. The Gooch and asi)esto8 is ignited over the blast lamp 
lx:forc use. 

' J. M. McCandless, J. O. Burton, Tnd. Kng. C'hem., 16', 1207, Dec., 1924. 
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Pt» af.ict. 195.23; sp.^r. 21.48; m.p. 1755° C.; oxide* PtO, PtOi 

DETECTION 

Platinum is a gray, lustrous, soft and malleable metal. It is not altered by 
ignition in the air, but fu.ses in the oxy-hydrogen flame. It does not dissolve in 
any of the single acids, but a fusion with acid potassium sulphate attacks the metal 
slightly. The action of chlorine in general, and nitro-hydrochloric acid (aqua 
regia), the main .solvent, converts the metal to hydrochlorplatinic acid, HjPtCU, 
which forms many double salts, or platinichlorides. If platinic chloride is 
gently heated it breaks up into platinous chloride, PtCU, and chlorine. 

If, however, the platinum is alloyed with silver, it dissolves in nitric acid to a 
yellow liquid, provided sufficient silver is present in the alloy. 

The oxides can be formed by carefully igniting the corresponding hydroxides. 
These are very unstable, decomposing into metal and oxygen by gentle ignition. 

The chlorides are the moat important compounds of platinum. Two complex 
acids are formed with hydrochloric acid when the metal is dissolved in aqua 
regia. 

PtCl 4 + 2 HCl = H 2 PtCl 6 (chloroplatinic acid), orange-red crystals. 

PtCli-l-2HCl = H 2 PtCl 4 (chloroplatinous acid), only known in solution. 

An aqueous solution of the former is yellowish-orange, while an aqueous solution 
of the latter is dark brown, the former being by far the more important. 

Potassium iodide precipitates platinum iodide, but it dissolves quite readily, 
giving a pink to a dark blood-red liquid, depending on the concentration of the 
solution. Nitric acid should bo absent. Heat destroys this color, as well as 
hydrogen sulphide, sodium thiosulphate and sulphite, sulphurous acid, mercuric 
chloride and certain other reducing reagents. 

Hydrogen sulphide precipitates black platinum disulphide, PtS 2 , with the 
other elements of the hydrogen sulphide group. The solution should be hot, 
as precipitation takes place more quickly. It is difficultly soluble in ammonium 
sulphide. It will be found in the extract with the arsenic, antimony, tin, gold, 
molybdenum, etc., and is precipitated with these elements upon addition of 
hydrochloric acid. Platinum sulphide is soluble in aqua regia. Addition of 
MgCb solution prevents formation of colloidal PtS 2 . 

Amm onium chloride added to a concentrated solution of platinum chloride 
precipitates yellow (NH4)2PtCl«, which is slightly soluble in water, and less so 
in dilute ammonium chloride solution and alcohol. 

Potassium chloride precipitates yellow K 2 PtCl«, which is slightly soluble 
in water, but insoluble in 75% alcohol. 

Chapter by R. E. Hickman and Edward Wichers. 
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Ferrous sulphate precipitates metallic platinum on boiling from a neutral 
solution. Neutralize with NajCOj. Free mineral acids (except dilute HjSOi) 
prevent the precipitation (difference from gold). 

Stannous chloride does not reduce platinum chloride to metal, but reduces 
hydrochlorplatinic acid to hydrochlorplatinous acid. 

H,PtCl.+SnCh =H,PtCl.+SnCl.. 

Oxalic acid does not precipitate platinum (difference from gold). 

Sodium hydroxide with glycerine reduces hydrochlorplatinic acid on warm¬ 
ing to black metallic powder. 

Formic acid precipitates from neutral boiling solutions all the platinum as 
a black metallic powder. 

T h all ium protoxide precipitates from the platinum bichloride solution a pale 
yellow salt, thallium platinochloride. When the salt is heated to redness it 
leaves an alloy of thallium and platinum. 

Sodium hydroxide added to plntinic chloride and then acidified with 
acetic acid produces a pale yellow to orange precipitate of platinic hydroxide, 
Pt(OH)i. This dissolves in acids readily, except acetic acid. 

Metallic zinc, magnesium, iron, aluminum and copper are the most 
important metals that precipitate metallic platinum. 

H,PtCl,-l-3Zn =.3ZnClj4-H,-t-Pt. 


ESTIMATION 

Platinum may be present under the following conditions: 

1. Native grains usually accompanied by the other so-called platinum metals, 
iridium, palladium, ruthenium, rhodium, osmium, and gold and silver (alloyed 
with one or more of the allied metals). 

Ore concentrates containing the native grains as above with the base metals, 
iron, copper, chromium, titanium, etc. The associated minerals high in specific 
gravity in the gravels may be expected to appear with the platinum nuggets, 
such as chromite, magnetite, garnet, zircon, rutile, small diamonds, topaz, quartz, 
cassiterite, pyrite, epidote, and serpentine; with gold in syenite; ores of lead and 
silver. 

2. Scrap platinum containing, oftentimes, palladium, iridium, gold, silver 
and iron. 

3. Small amounts of platinum in the presence of large amounts of iron, 
silica, carbon, magnesia: platinum residues, nickel and platinum contacts, 
photography paper, jewelers’ filings and trimmings, dental and jewelers’ s'ftreeps 
and asbestos, etc. 

4. Platinum alloyed with silver, gold, tungsten, nickel, copper, lead, etc. 

5. Platinum solutions and salts. 

Preparation and Solution of the Sample 

The best solvent for platinum is aqua regia. The metal is also acted upon by 
fusion with the fixed alkalies—sodium or potassium hydroxide and sodium per¬ 
oxide or potassium or sodium nitrate; also by chlorates in the presence of 
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HCl, Platinum, when highly heated, alloys with other metals, as lead, tin, 
biamuth, antimony, silver, gold, copper, etc. The element dissolves in nitric 
acid when alloyed with silver. This gives a method for the determination of 
gold in the pre.sence of silver and platinum alloy. 

All salts of platinum are .soluble in water. The less soluble salts are the chloro- 
platinates of jx>tu.s;sium, ammonium, rubidium, and cac.siura. Heat increases 
the solubility while the presence of alcohol decreases the solubility. 

Ores. When the free grains of platinum, gold and osmiridium are desired 
the following inetlnKl is recommended: Five to 10 grams of the ore are taken 
from a wcli-mi.\ed iiulverized sample and placed in a largo platinum dish that has 
been weighed. Twenty-live to 60 cc. of strong hydrofluoric acid together with 
5 to 10 cc. of concentrated sulphuric acid is mixed with the ore in the dish and 
evaporated on the water bath, when SiF« and the excess of HF are expelled. 
The material Is gently heated until SOj fumes are given off. This is repeated 
with HF if necessary. The material is wiushed into a cas.serole with about 200 cc. 
of hot water and dige.stcd over a water bath for fifteen or twenty minutes, and is 
then washed by decantation, several times pouring the supernatant liquor through 
a filter to save any floating material that might be washed out. The filter is 
cautiously burned and the residue is added to the unattacked material. This is 
transferred from the dish to a beaker or a porcelain dish and treated with aqua 
regia. The platinum and a small amount of iridium that dissolves with the 
platinum on account of its being alloyed can be precipitated with aimnonium 
chloride. The remaining re.sidue in the dish will lie a smidl amount of sand and 
osmiridium. The silica is driven off with HF as described above and the bright 
grains weighed as osmiridium, or the sand and osmiridium are fused with 
silver and borax, then extracted with dilute nitric acid, leaving the osmiridium 
grains free from sand. 

Platinum Scrap. One-half gram to a gram is dissolved in aqua regia and 
cvafxiratcd with IK'l to get rid of the 11X0,,. 

If the platinum is alloyed with a largo amount of copper, silver, lead and 
other impurities, a sample of 1 to 5 grams is dissolved in 15 to 25 cc. of HNO,, 
whereby the Clipper, silver, lead and other impurities alloyed with the platinum 
as well as a large amount of platinum will dissolve. The residue after washing 
will bo platinum and gold. These are di.ssolved in aqua regia as described above 
and the platinum precipitated with .immonium chloride. The platinum is 
recovered from the nitric acid solution and added to the aqua regia solution and 
the whole is evaporated to get rid of the HX’Oj. 

Small Amounts of Platinum in the Presence of Large Amounts of Iron; 
Iron^ Scale, Fe,Oi; Sulphate of Iron, Magnesia, Sulphate of Mag^sia, 
Silica, etc. The material is carefully weighed and the coarse scales are sepa¬ 
rated from the finer material containing the platinum by passing the fines through 
a 20-in. mesh or finer wire sieve. The coarse scale seldom contains platinum, 
but it is advisable to quarter this down to 1 kilogram or a fairly good-sized sample 
and tost for platinum on a portion of the ground sample. This can be tested 
by a wet or a fire assay. The fines are quartered down to about 1 kilogram and 
ground to pa.ss a 60- to 80-in. mc.sh sieve. One hundred to 500 grams of the 
material are taken for analysis. This is placed in one or more casseroles, depend¬ 
ing on the amount taken. Bach 100-gram portion is extracted by digestion on 
the steam bath with about 300 to 400 cc. of 10% ILSO,. The iron, magnesia, 
etc., soluble in HjSO, will go into solution, leaving the platinum with the 
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insoluble residue. Filter (a Buchner funnel may be necessary) and wash the 
residue with water. Test the filtrate for platinum and if any is present precipi¬ 
tate with zinc as described below. 

After the filter is ignited in a large platinum dish, the reridue is moistened 
with HsS 04 , and HF is added completely covering the material. The solution 
is evaporated on the water bath until SOj fumes are gjvon off. If necessary, 
repeat the treatment with H 2 SO 4 and HF until all the silica is driven off aa SiF 4 . 
The residue is transferred to a casserole and digested with aqua regia according 
to directions given under Ores and Platinum Scrap. It is sometimes very dif¬ 
ficult to precipitate all of the platinum in the presence of a large amount of 
iron, magnesia, etc., not having the solution concentrated enough for the plati¬ 
num. It is advisable; to reduce the platinum by iron or zinc, filter, wash with 
water and redi.ssolvc the black metallic platinum in aepia regia. The HNOs 
is expelled by evaporation and adding concentrated IK'l from time to time and 
finally the platinum is precipitated with ammonium chloride. 


SEPARATIONS 


A careful review of the paragraph on Detection will be very h(;lpful often¬ 
times in making separations from f)th(;r metals and substances. 

Separation of Platinum from Gold. The platinum is precii)itated first with 
ammonium chloride, as (NHil^PtCl.- After the precipitate has s(;ttlnd it is 
filtered and washed free from gold with 20% ammonium chloride solution and 
alcohol. The gold is precipitated with a concentrated solution of ferrous sul¬ 
phate or iron protochloride as metallic gold. (Siie al.so page 3.S7a.) 

Oxalic acid precipitates the gold, leaving the platinum in solution, r he ox¬ 
alic acid is added and the solution heated until the gold is entirely precipitated. 
Filter and wash the precipitate of m(;tidlic gold free from platinum. The nitrate 
is evaporated as far as possible without crystallizing, and the platinum is pr^ 
cipitated with ammonium chloride as (NH 4 )sPt 01 e, or it may be reduced with 
zinc and the black dissolved in aqua regia and treated as described above. 

Separation of Platinum from Iridium. The platinum and the iridium are 
iirecipitated by iron or zinc and the black residue is washed free from impurities 
and the platinum is dissolved in dilute aqua regia with gentle h(;atmg, leaving 
the iridium as metallic iridium. The platinum solution is evaporated as descrilied 
above and precipitated with NILGl a.s (NH 4 ) 2 Pt(ll«. ^ 

If the platinum and iridium are precipitated together, the salt is filtered and 
washed with ammonium chloride solution and finally ignited. The sponge is 
redissolved and evaporated as above to expel the HNO,. The platinum and the 
iridium are precipitated with NaOII, which brings down the platinum and indium 
as Pt(OII )4 and Ir{OH) 4 . Boil this mixture with alciihol, which reduces the 
Ir(OH )4 to Ir(OH)j, but does not affect the Pt(OH) 4 . Dissolve these hydroxides 
in HCl, forming PtCb and IrCh in solution, and the platinum is precipitated with 


NH4CI free from iridium. 

See Dcville-Stas-Gilchrist method on page 390. 

Separation of Platinum from PaUadlum. Platinum is precipitated with 
ammonium chloride, and palladium is precipitated from the filtrate by means 

of dimethylglyoxime (1% alcoholic solution). 

Palladium may be precipitated in presence of platinum by adding a oiie j^r 
cent solution of dimethylglyoxime (1% salt in 95% alcohol) to the cold, slightly 
acid chloride solution of the elements. If the solution is hot the jwlladium 
precipitate will be badly contaminated with platinuin. (E. Wichcrs.) 
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Separation of Platinum from Ruthenium. From the chloride of platinum 
and ruthenium tlie metals are precipitated with ammonium or potassium 
chloride and filtered. The filter is washed with dilute ammonium chloride 
solution or dilute pota-ssium chloride solution and alcohol until free from 
ruthenium. If a large quantity is handled it may be necessary to ignite to 
platinum sponge and dissolve in aqua regia, expel the HNOj as deseribed above, 
and reprecipitate with NH^Cl, filter and wash free from ruthenium. (See 
also page 387a.) 

Separation of Platinum from Rhodium. The separation is accomplished 
by adding freshly precipitated barium carbonate to the chloride solution of 
platinum and rhodium, previously brought nearly to the neutral point by 
addition of sodium hydroxide. After boiling for two or three minutes rhodium 
hydroxide precipitates. The precipitate is filtered off, dissolved in HCl, the 
solution again nearly neutralised and the rhodium precipitation repeated. 

Other platinum metals will also precipitate if pre.sent. These should be 
removed prior to the .separation of platinum and rhodium. (E. Wichers.) 

Separation of Platinum from Osmium. Both metals are reduced with 
zinc as a fine black powder. The metallic residue is washed and carefully 
ignited at a high temperature under a hood, as the fumes are poisonous and 
disagreeable like chlorine. The osmium will be converted into OsO<, which 
is very volatile. The residue is dissolved in aqua regia and the platinum is 
precipitated with NHiCl. See Osmium. 

GRAVIMETRIC METHODS FOR THE DETERMINATION 
OF PLATINUM 

A. Weighing as Metallic Platinum 

1. When the platinum contains only a small amount of impurities a sample 
A gram or more fa taken and dissolved in aqua regia. The solution is gently 
heated until all fa dissolved, adding another portion of aqua regia if necessary. 
The solution is evaporated, adding HCl from time to time in order to expel 
the HNOi. Filter and evaporate again to concentrate the solution. Precipi¬ 
tate with ammonium chloride. After stirring, let stand until the precipitate, 
(NH4)iPtCh, settles, overnight if convenient. Filter, wash with alcohol or 
ammonium chloride solution and alcohol, and ignite to metal, in a reducing 
atmosphere, or ignite slowly in paper filter. Cool in a desiccator and weigh 
as metallic platinum. 

. Wt. of Pt found 

Wt. of sample taken^ 


2. When the platinum solution contains a large amount of impurities, as 
iron, nickel,^magiiesia, etc., it fa advisable to reduce the platinum to black metallic 
platinum with zinc, iron or magnesium as follows: The solution fa made acid 
(2 to 6% free HCl) by adding HCl. The Zn, Fe or Mg fa added in small quanti¬ 
ties at a time until the solution becomes colorless or until the platinum is com¬ 
pletely precipitated.! After action has ceased the platinum black metal is 
filtered onto an ashless filter paper and washed with warm dilute HCl to remove 
any excess Zn, Fe, or Mg that might be present. The filter and its contents are 

* FeCli in presence of HCl has a solvent action on platinum, hence the iron should 
be completely reduced. 
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carefully ignited and afterwards dissolved in aqua regia and treated as directed 
under A, 1.‘ 

3. If none of the other Hydrogen Sulphide Group metals are present the 
platinum can be precipitated by hydrogen sulphide, filtered, washed with hot 
water and ignited to metal. If impurities are present in the sulphide, dissolve 
in aqua regia and proceed as under A, 1. The solution should be boiling and 
have an acidity of 3% HCl or H 2 SO 4 . 


B. Weighing as a Salt 


1. The procedure is the same as under A. The (NH 4 )tPtCl, precipitate 
is washed on a weighed Gooch crucible with alcohol. The crucible and con¬ 
tents are dried at a temperature below 100“. Cool in a desiccator and weigh 
as (NH 4 ) 2 PtCl.. 


Wt. of (NH 4 ) 2 PtCl« found X 


Mol. wt. of Pt 
Mol. wt. of (i\H 4 ) 2 PtCl.^ 


100 

Wt. of sample 

“percent of Pt in material.’ 


2. After proceeding as described under A, the platinum is precipitated with 
potassium chloride as K 2 PtCle. Transfer to a weighed Gooch crucible and wash 
well with alcohol. Dry telow 100°, cool in a desiccator and weigh as K 4 PtCl 4 . 


Wt. of K 2 PtCl 4 found X 


Mol. wt. ofPt 


X: 


100 


Mol. wt. of K 2 PtCl 4 ' Wt. of sample 


of Pt in material.’ 


C. Determination of Platinum by Electro»analysis 

When platinum solutions are acidulated with sulphurie acid and acted upon 
by a feeble current they give up the metal as a bright deposit upon the elec¬ 
trode. If platinum is used as the electrode, first coat it with a layer of copper and 
deposit the platinum upon the copper. Wash with water and alcohol and after 
drying weigh. 

Wt. of electrode-t-Cu-l-Pt—Wt. of electrode-|-Cu =Wt. of Pt. 


Wt. of Pt 

Wt. of sample taken 


X100 = per cent of Pt in material. 


Dr. E. F. Smith, in his work on “ Electro-Analysis ” recommends that the 
K 2 PtCl« be dissolved in water and slightly acidulated with H 2 SO 4 (2 or 3% by 
vol.) and after heating to about 60 to 65“ and electrolyzing with N.D.,oo“.05 
ampere and 1.2 volts, the platinum will be completely precipitated in from four 
to five hours in a perfectly adherent form. A rotating anode will precipitate 
the platinum much quicker. 

’ If iron and lead are suspected, the platinum residue is washed with 10% solution 
of ammonium chloride and then with 10% solution of ammonium acetate and finally 
with 80% alcohol. 

‘Factor (NH 4 ) 2 PtCl, to Pt=0.4393. 

•Factor KiPtCU to Pt»*0.4013. 



PALLADIUM 

Element, Palladium. Pd. ai.wt. 106.7; sp.gr. 11.9; ttup. 1549° C.; oxides,PdO,PdOj. 

DETECTION 

This metal is also found associated with platinum and iridium as well as 
ruthenium, rhodium, and osmium. It occurs in the metallic state sometimes 
with gold and silver. It resembles platinum as to luster and color. Palladium 
sponge when heated slightly gives a rainbow effect due to the formation of 
oxides. Hydrogen pa.s.sed over the sponge restores it to the original color. 
It dissolves in HNO 3 and boiling lIjSO*. HCl has little action upon it. It is 
readily soluble in aqua regia, forming PdCb^. PdCU is unstable. 

Palladium monoxide, PdO, is formed by a long-continued heating of the 
spongy metal in a current of oxygen at a temperature from 700 to 840° or by 
heating a mixture of a palladium .salt with potassium carbonate. The pure 
hydrated oxide is b(!st prepared by tiie hydrolysis of the nitrate. 

It acts as a powerful oxidizing agent to organic substances, and is reduced 
to metal by hydrogen peroxide.* 

Palladium dioxide, PdOj, is obtained in an impure hydrated form as a 
brown precipitate by the addition of caustic soda to potassium palladichloride. 
This is soluble in acids, but becomes less soluble when preserved. It can l)c 
obtained free from alkali and basic salts by the anodic oxidation of the nitrate, 
but it is not <iuite free from monoxi<le. The dioxide very readily <lecomposes 
into the monoxide and oxygen, and cannot be obtained in the anhydrous state. 
It acts as a vigorous oxidizing agent and decomposes hydrogen peroxide. 

Alkalies precipitate in a concentrated solution a dark-brown precipitate 
soluble in an excess of the reagent. If boiled a brown palladous hydroxide is 
precipitated. The anhydrous oxide is black. 

Ammonia addo<l to a concentrated .solution gives a flesh-red precipitate. 
Pd(NH 3 ) 2 Cl«, soluble in excess of ammonia. If HCl is added to this solution, 
the yellow compound of palladosamine chloride, PdfNHaCHa, is dcpo.sitcd. 

Sulphur dioxide precipitates the metal from the nitrate or sulphate solution 
but not from the chloride. 

Cuprous chloride precipitates the metal from the sulphate, nitrate and 
chloride solution when they are not too strongly acid. 

jldercuric cyanide precipitates a yellowisli-white gelatinous precipitate, 
Pd(CN)s, insoluble in dilute acids, but dissolving in ammonia and in pota.ssium 
cyanide to K 2 Pd(CN) 4 . 

Potassium iodide precipitates black pall.adous iodide, Pdl 2 , insoluble in 
water, alcohol, and ether, but soluble in an excess of reagent (Rk also ppts.). 

Hydrogen sulphide precipitates black palladous sulphide, PdS, .soluble in 
HCl and aqua regia, but insoluble in (NH 4 )jS. 

Ferrous sulphate slowly produces a black precipitate of metallic palladium 
from the nitrate. 

* “Treatise on Chemistry,” Itoscoe and iSchorlcmmer. 
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Ammonium chloride precipitates palladium as (NIl 4 ) 2 PdCl 4 from the 
nitrate. 

Formic acid, zinc and iron reduce to metallic palladium. 

Soluble carbonates precipitate brown palladous hydro.xide, Pd(OH) 2 , sol-- 
ubie in excos.s, and reprecipitatod on boiliiif;. 

Phosphuretted hydrogen gas precipitates palladium phosphide. (Differ¬ 
ence from Pt, Rh, and Ir.) 

Alcohol precipitates, on boiling, metallic palladium. 

Alkaline tartrates and citrates form yellow precipitates in a neutral solu¬ 
tion from the nitrate. 

Stannous chloride produces a brownish-black precipitate, soluble in hydro¬ 
chloric acid to an intense green .solution. 

Potassium bisulphate attacks the njetal readily. 

An alcoholic solution of iodine dropped on the metal will turn black. 

Acetylene gas passed through an acidified solution containing Pd produces 
a brown precipitate which, upon ignition, yields Pd. In this way Pd may 
be quantitatively separated from Cu. 

ESTIMATION 

Palladium is determined in alloys, ores, jeweler’s sweeps, etc. 

Preparation and Solution of the Sample 

The solubility of palladium has been taken up under Detection. Palladium 
when alloyed with platinum, or an alloy of platinum, iridium and palladium, 
dissolves with the other metals in aqua regia as the chloride When palladium 
is alloyed with silver the palladium and silver are dissolved in HNO 3 , from 
which the silver can lie separated. 

Separations 

Separation of Palladium from Platinum and Iridium. The chlorides of 
palladium, platinum and iridium in .solution must be free from HNO3. The 
platinum and the iridium are precipitated with NII4CI, leaving the palladium 
in solution. The precipitate is put on a filter and washed free from Pd with 
NII4CI solution and alcohol. 

Separation of Palladium from Silver and Gold. At least three times the 
weight of the gold in silver should be prc.scnt in the alloy in order to separate 
the silver and palladium from the gold. The silver and the palladium will 
dissolve in HNOa, leaving the gold as the residue. This is filt(!r<!d off and the 
silver may be precipitated with HCl. The silver chloride is filtered off ^nd 
washed with hot water acidulated with HCl until free from palladium. Since 
AgCl tends to retain palladium it is advisable to redissolve the silver with 
HNO3 after reduction of AgCl and reprecipitate the chloride to obtain a 
complete separation of palladium. 

Separation of Palladium from Platinum. The chlorides of platinum and 
palladium being free from HNO3 and having an excess of HCl is diluted with 
water. A 10% solution of potassium iodide is added until all of the palladium 
is precipitated. Avoid adding a large excess. The precipitate of Pdlj is 
filtered off and washed free from platinum and alkali with water slightly acidu¬ 
lated with HCl. The filter is ignited to metallic sponge in a current of hydro¬ 
gen. See glyoxime method on page 379. 
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GRAVIMETRIC METHODS FOR THE DETERMINATION 
OF PALLADIUM 

1. The palladium is precipitated from the solution by granulated zinc, 
the solution having a small amount of free hydrochloric acid. The residue, 
after the zinc is dissolved, is put on a filter and washed free from impurities. 
Ignite the filter and dissolve in a small amount of aqua regia and evaporate 
to a syrupy consLstency. Dilute with a small amount of water and add a few 
drops of HNOj; precipitate the palladium with NHiCl crystals. Heat for a 
few minutes and let cool. Filter, wash with alcohol, and ignite. Reduce in 
hydrogen or moisten with formic acid to reduce to metal any oxide that may 
have formed. Dry and weigh as metallic palladium. 

2. With the solution containing about one-fifth the volume of free HCl, 
the palladium is precipitated with 10% KI solution. Heat to nearly boiling, 
filter, wash free from iron, etc., with 1 : 4 HCl. Ignite, cool, reduce in hydro¬ 
gen or moisten with formic acid, dry and weigh as metallic Pd. 

3. The filtrate from the platinum precipitation or the nearly neutral solu¬ 
tion containing the Pd is made to about 150 cc., and the Pd is precipitated 
by adding a solution of dimethylglyoxime (1% solution in alcohol). Bring 
to boiling and let stand overnight if convenient. Filter on a weighed Gooch 
crucible and wash with hot water slightly acidified with HCl, then with alcohol. 
Dry and weigh as (C8Hi4N404)Pd, which contains 31.67% Pd. 

4. The nitric acid in the palladium solution is- expelled by evaporating 
■with HCl. Neutralize the chloride solution almost completely with sodium 
carbonate and mix the solution with a solution of mercuric cyanide, Hg(CN) 2 , 
and heat gently for some time. Let stand until cool, overnight if convenient. 
A yellowish-white precipitate of Pd(CN)j is formed. Filter, wash with 1% 
Hg(CN)i solution, ignite and reduce in hydrogen to metal, or reduce with 
formic acid, dry, and weigh as metallic Pd. 

6. The filtrate from the platinum precipitation is made neutral or slightly 
alkaline with NaiCOi solution and an excess of formic acid is added. Boil 
until all the palladium is precipitated or the solution becomes clear. Filter, 
wash with hot water, ignite, reduce in hydrogen or with formic acid and weigh 
as metallic Pd. 
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DETERMINATION OF PLATINUM AND PALLADIUM* 
Special Methods 

Dissolve a 100-gram sample in aqua regia, and expel the nitric 
Mid by evaporation and the addition of small amounts of hydrochloric acid. 
Take up with a few cc. of dilute hydrochloric acid. If there should be present 
a large amount of reduced gold, add a few drops of nitric acid and heat the 
solution for a few minutes. Dilute to 800 cc. with water, and let it stand 
in a cool place until solution clears. Filter off silver chloride and wash it with 
cold water. Pass sulphur dioxide gas through the filtrate to reduce the gold 
(palladium, etc., is also reduced). Decant the clear solution on a tight filter 
paper, and wash several times with hot water by decantation. Then pour 
over the gold in the beaker, .50 cc. of nitric acid, and boil for a few minutes 
to dissolve the reduced palladium. Add 50 cc. of hot water and filter on the 
same filter paper and wash several times with hot Wixter. Atld 15 cc. of sul¬ 
phuric acid to the filtrate, evaporate and heat to heavy fumes. Cool, dilute 
to 200 cc. with water and boil for a few minutes, and filter off any gold and 
lead sulphate if present. Now pass hydrogen sulphide gas through the hot 
solution to precipitate the sulphides of platinum and palladium, etc. Filter 
and wash with hot water. Place the filter paper with the precipitate in a 
porcelain crucible, dry, burn and ignite. Now touch the residue with the 
reducing flame of a Bun.sen burner to reduce to metal any oxide of palladium 
that may have formed. Dissolve the residue with a few cc. of aqua regia, and 
transfer the solution to a tall 300-cc. beaker, and evaporate carefully to dry¬ 
ness on a steam or sand bath. Then moisten the residue with hydrochloric 
acid and evaporate to dryness again. Moisten the dry residue once more 
with hydrochloric acid and evaporate to dryne.ss. 

Now take up with 16 cc. of hydrochloric acid and 4 cc. of water, cover 
beaker and boil gently for a moment. Filter on a small filter paper and wash 
with a small stream of hot water. Discard the residue. Dilute filtrate to 
60 cc., cover beaker and heat to near boiling point. Then add 16 grams of 
ammonium chloride and heat gently to near boiling until all ammonium 
chloride is in solution. Remove beaker from the hot plate, and let it stand 
over night in a cool place. Filter rapidly (using suction) on a tight, double 
filter paper, and wash with ammonium chloride solution (200 grams per liter 
of water). As the ammonium chloroplatinate is somewhat soluble if exposed 
to air, the precipitate should be covered with the wash solution all the time 
during filtration. Then before the ammonium chloride solution is all sucked 
through, wash once or twice with 95% grain alcohol. Save filtrate for {>alla- 
dium determination. Place the filter paper with the precipitate in a porcelain 
crucible, so that the precipitate does not come in contact with the sides of the 
crucible; if it does, a platinum mirror will form, that cannot be removed. 
Dry gently and smoke off the filter paper (without burning it with a flame), 
and finally ignite at a bright red heat. Cool and weigh metallic platinum. 

Add to the filtrate from the ammonium chloroplatinate precipitate, 16 cc. 
of nitric acid, stir, cover beaker, placing a glass triangle under the watch glass, 
and let it stand over night on steam plate. When the solution is super¬ 
saturated, as indicated when half of the solution is filled with ammonia s^ts, 

* Contributed by F. Jaeger, Chemist, Nichols Copper Co. 
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remove the beaker from the steam plate and cool the solution. Filter off the 
ammoniumchloropalladatejust like the platinum salt and wash with ammonium 
nitrate solution*(200 grams per liter of water). Finally wash with 97% grain 
alcohol. The solubility of ammonium chloropalladate is greater than of the 
platinum salt when exposed to air, therefore great care must lie taken in 
filtering it. Place the precipitate with the filter paper in a porcelain crucible, 
dry, smoke off filter paper and finally ignite at a bright red heat. When cool, 
reduce any oxide that may have formed with the reducing flame of a Bunsen 
burner. Cool an<l weigh metallic j>aliadium. 

To confirm that all platinum and palladium is precipitated, neutralize the 
filtrate from the ammonium chloropalladate with a saturated solution of 
sodium carbonate, then add 30 cc. of formic acid, and boil for about one hour. 
Any platinum or palladium if still present will be procii)itated as black powder. 

Note. AH evaporations should l)e made on a steam or sand bath, if not 
incomplete precipitation of platinum will be obtained. 

Refined Silver. Weigh out 1,000 gram sample and dissolve it with dilute 
nitric acid. Filter off the gold and any undissolved platinum, and then 
separate the gold from the platinum as described under “ Gold Bar,” and add 
the solution to the main filtrat<\ Dilute the filtrate from the gold residue, so 
that there will be 10 grams of silver per liter of solution, and then add a slight 
excess of hydrochloric acid to precipitate all the silver. Stir well and let it 
settle. Decant the clear .solution and wash the precipitate on a Buechner 
funnel with cold water. Fvaporate the filtrate to a small volume. Now mix 
the silver chloride, with about ton times its weight, with soda ash (which con¬ 
tains a small amount of corn starch) and dry. Place the mass in 30 grams 
crucibles, and fu.se for about 30 minutes. Pour in molds. When cool, hammer 
off excess of slag, and finally boil with hydrochloric acid to clean the silver 
buttons. Then di.ssolve with dilute nitric acid and precipitate .silver as silver 
chloride as already described. Another silver chloride precipitation will be 
neoe.S8ary to .separate all platinum and palladium from the silver. 

Combine all filtrates and evaporate to dryne.ss on steam plate. Take up 
with a few cc. of hydrochloric acid and water, filter off the silver chloride and 
wash with cold water. This small amount of silver chloride carries down 
considerable platinum and imlladium. Therefore place the filter paper 
with the silver chloride in a 3-inch scorificr, dry, add 40 grams of test lead and a 
pinch of borax and scorify. Then cupel the lead button. Dissolve the silver 
buttons with dilute nitric acid and rcprecipitate silver with hydrochloric acid. 
Finally when the pure white color of the silver chloride indicates that it is 
free ffom platinum and palladium, evaporate the filtrate to dryness on steam 
plate. Take up with 16 cc. of hydrochloric acid and 4 cc. of water. Boil for a 
minute, filter, and precipitate platinum and palladium as described under 
“Gold Bar.” 

Copper Anode Slimes. Take a 1,000-gram sample. Weigh out 3 gram 
portions into Sdneh scorifiers and mix each with 40 grams of test lead and a 
pinch of borax and litharge. Scorify and cupel. Dissolve silver buttons with 
dilute nitric acid, and proceed as described under “Refined Silver.” 
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Determination of Platinum and Palladium in Refined Gold' 

The sample may be in the shape of drillings, but from a bar it is easier to 
roll the gold into a thin ribbon. 

Fifty grams'' of gold sample is sufficient for gold which has been parted 
with sulphuric and nitric acids. 

Dissolve sample in a 1,.')()0 cc. beaker with .50 cc. of nitric acid (1.42) and 
150 cc. of hydrochloric acid (1.10) using no water. Heating is not necessary. 
After complete solution of the sample, evaporate solution to a syrup of about 
40 cc. volume, taking care not to evaporate too far, otherwise, some gold 
will become reduced and separate out: add 100 cc. of hydrochloric acid and 
re-evaporate the solution to syrup, repeating this operation four times in order 
t:) remove all nitric aci<l. 

After the last evaporation, dilute with hot water, boil, add about 50 cc. 
hydrochloric acid (1.10) to clear up solution; volume of .solution should be 
about 500 cc. 

To the boiling solution’ gradually add a mixture of .50 grams ammonium 
oxalate and .50 grams ox.alic acid, which should preci[)itate all the gold, but 
should there be any doubt add more of the mi.xture of the .salts. Dilute the 
solution to about 1,000 cc. in volume and allow to settle in a warm place over 
night. 

Filter off the gold, washing by decantation into a 1,.500 cc. beaker. For 
extreme accuracy, this gold may be redis.solved, re-evaporated and reprecipi- 
tated, this time with sulphur dioxide gas. This is more of a i)recautionary 
measure, for as a rule, no jdatinum or palladium will be found with the gold. 

To the solution from the gold add 5 grams of ,'10 mesh C.P. zinc. This 
precipitates any gold left in the solution .along with.the silver, platinum, 
palladium, tellurium, copper, etc. 

Filter as soon as precipitation is complete and wash by decantation keeping 
as much of the precipitate in the beaker as ixjssible. Ignite filter pajrer and 
transfer ro.sidue and i)recipitate to a 2.50 cc. beaker, dissolve in 10 cc. aqua 
regia and after complete solution, add .5 cc. sulphuric acid (I..S4) evaporate 
to fume of SOj and fume well,' cool, dilute to 100 cc. bring solution to boiling 
and add 1 drop of hydrochloric acid to precipitate the silver, filter in a 400 cc. 
beaker, dilute filtrate to 200 cc. volume, add 5 cc. hydrochloric achl (1.10), 

* Contributed by S. .Skowronski, Chcmi.st, Raritan Copiier Works, Perth 

Amboy, N. J. 

’ For gold whi<4i has been electrolytieally refined by the Wohlwill process, 100 grams 
of gold should be taken as a sample, doubling the quantity of acid ne<a‘8Siiry fgr the 
solution. 

’Sulphur dioxide g.as is not recommended for the precipitation of gold as gold 
bullions contain a trace of tellurium, and in thi; presence of t(4lurium, palladium is 
precipitated as a tclluridc by sulphur dioxide g.as. The gold precipitated with oxalic 
acid IS free from palladium telluride and therefore may be reprccipitatcd with suli>hur 
dioxide gas if a reprecipitat ion is thought necessary. 

’ The platinum and p.alladium after solution in aqua regia, and addition of sulphuric 
acid, should be well fuincd, in orrler to reduce anv gold remtiining in the solution to 
the metallic condition, it is very essential that all the gold i.s removed at this stage, 
otherwise it is liable to contaminate the palladium di-methyl glyoxime. 
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and precipitate palladium witli .5 grams of dimethyl glyoxime dissolved in 
50 cc. of boiling water.® 

Palladium dimethyl glyoxime, canary yellow in color, which possesses the 
same physical characteristics as the corresponding nickel salt, at once separates 
out. Allow to .settle in a wiirm place for about five minutes, i liter in a Gooch 
crucible, wash with hot water, dry at 110° C. and weigh. Factor .3168. 

To the filtrate from the palladium add 2 grams of 30-mesh C.P. zinc, which 
precipitates the platinum. Filter, ignite, precipitate and dissolve in aqua 
regia. Remove nitric acid by three evaporations with hydrochloric acid (1.19), 
taking care not to evaporate solution to dryness.* After the last evaporation, 
take up with not more than 10 cc. of water, and a few drops of hydrochloric 
acid. If necessary, filter, keeping volume of 10 cc. add 2 grams of ammonium 
chloride, stir well, add 10 cc. of alcohol, and let stand one hour with an occa¬ 
sional stirring. 

Filter off ammonium chlor-platinate in small Gooch crucible and ignite 
to platinum in the usual manner. 

Separation of Platinum and Gold. In place of the procedures given on 
page 379 it is often ineferable to precipitate gold first by means of sulphur 
dioxide, then rcprecipitating with oxalic acid from weakly acid solution to 
obtain gold free from platinum. 

Separation of Platinum and Ruthenium. According to Deville and his 
co-workers the ammonium chloride separation is unsatisfactory owing to 
contamination of the ammonium chlor-platinate with ruthenium. The 
ruthenium may be separated by volatilization with chlorine passed into the 
alkaline solution of platinum and ruthenium. See page 387b. 

‘ Palladium is best precipitated with di-methyl glyoxime in a 3-5% acid solution, 
gold if present will be rmuced to the metallic condition and should be removed before 
hand. Alcohol is not recommended ns the solvent for the dimethyl glyoxime, as it 
slows up the precipitation of the palladium. A hot water solution works quicker, and 
should bo filtered to remove insoluble matter before addition to the palladiuin solution. 

The iirccipitation should lie carried out in a cold solution, since platinum will 
contaminate the palladium precipitate if the diinethylglyoxime reagent is added to a 
hot solution. 

“Any solutions containing platinum should never be evaporated to dryness, as 
platinum is easily reduced in baking to the “ platinous ” condition which is not pre¬ 
cipitated with ammonium chloride. 
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IRIDIUM 

Element, Iridium. Ir. aUwt 193.1; sp.gr. 22.3; m.p. 23.50° C.? oxides, Ir02, ItiOj. 

DETECTION 

Iridium is found jissociate l with platinum. The element is insoluble in 
ull acids, inclinling acpm rosia. Chlorine is the be.st reagent which forms the 
chlorides of iridium and yields compounds with other chlorides a.s KjIrCb, 
which is insoluble. If the clement is heated in a stream of chlorine in the 
presence of potassium chloride there forms a salt, KjIrC'b, which is sparingly 
soluble and is u.scil in the separation of iridium. 

The oxide, IrjOa is formed when KjIrClo is mixed with sodium carbonate 
and gently fused at a dull red heat. 

2K.drC'l8+lNa/X)3 = lr20a+HNa('l + 4KCl+4C02+0. 

The fusion is di.ssolved in water containing ammonium chloride; filter the 
re.sidue and after ignition, to expel the ammonium chloride, is treated with 
dilute acid in order to remove! the small (luantity of alkali. A bluish-black 
powilcr is thus obtained which begins to decompose when heated above 800 
degrees, and at temperatureis somewhat above 1000 degrees is completely 
broken up into oxygen and the metal.- 

The dio.xido, IrOs, is a black powder f)btaincd by heating the hydroxide 
in a current of carbon rlioxide. It is insoluble in acids.'^ 

Caustic Alkalies produce in a boiling solution a dark-blue precipitate of 
lr(OII )4 insoluble in all acids except IK'l. 

Potassium chloride forms the double salt of K.lrfXn, which is black and is 
difficulty soluble in water. 

Ammonium chloride precipitates black (NIl 4 )nIrCl 6 , which is difficulty 
soluble in water. 

Hydrogen sulphide precipitates black [r;S. 4 , soluble in (NH 4 )sS. 

Metallic zinc precipitates from an acid solution black metallic iridium. 

Formic acid and sulphurous acid precij>itate black metallic iridium from 
hot solutions. 

Lead acetate gives a gray-brown precipitate. 

“Treatise on Chemistry,” lloscoc and Schorlemmer. 

Chapter eontributed by R. E. Hickman and Edward Wichers. 
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ESTIMATION 

Substances in which iridium is determined are; platinum scrap, jewelers’ 
sweeps, contact points, ores, iridium is weighed as the metal. 

Preparation and Solution of the Sample 

Platinum scrap and contact pr)ints, etc., containitig iridium dissolve with 
difficulty in aqua regia, depending on the amount of iridium present. The 
alloy is dissolved more quickly if it is rolled or hammered to a very thin sheet 
or ribbon. The alloy of platinum and iridium with an iridium content up to 
10% dissolves in aqua regia .slowly; an alloy of iridium content of 1.5% dis¬ 
solves in aejua regia very slowly and the aqua regia will likely have to be 
replenished from time to time. .Vn alloy of 25% iridium is practically insoluble 
in arjua regia. The filings from sweeps, etc., can be dissolved by .aqua regia 
the same .as the scrap. After expelling the li.NtL the platinum and the iridium 
are precipitated together with NILCI as (NlldiPW'l* and (NHjjsIrCU. The 
iridium imparts a pinkish to a scarlet color to the salt. 

If the iridium content is too high to be dissolved in aqua regia the metal 
can be ini.xed with NaCI, heated to a dull rod heat in a porcelain or silica 
tube, and moist chlorine passed over the mixture. The iridium will be in the 
form of a chloride which dissolves in water. After filtering the solution and 
evaporating with IKd, the iridium as well as the platinum is precipitated with 
NH 4 CI or II 2 S. This is a convenient way on a larger scale to dis.solve o.s- 
miridium in ores. The writer has had good results with this operation. 

When the iridium is cont.uninated with a large amount of impurities, it 
may be reiluced from the .solution with zinc, and the impurities dis.solved by 
IINOj and dilute aqua regia; the residue is washed and dried as iridium. 

Clean osmiridiutn grains are also brought into solution by a fusion of 
KNO3, NaNO) or KCIO3 and NaOll or KOH, leaving the iridium as Ir 203 . 

SEPARATIONS 

Separation of Iridium from Platinum. .See Separation of Pt from Ir. 

If the platinum and iridium are alloyed with at least ten times their weight 
of silver or lead and the alloy dissolved in UNO;., the silver or huid and the 
platinum dissolves, leaving the iridium in.soluble. After washing the r(!sidue, 
treat with a small amount of dilute arpia rcjgia to di.ssoha; any platinum that 
may be present. 

Separation from Osmium. Osmium is r('moved by distillation. S(!c Os. 

For other separations see under Rh and Ru. See all section 3 following. 
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GRAVIMETRIC METHODS FOR THE DETERMINATION 
OF IRIDIUM 

I. By Reduction with Zinc 

The solution of iridium or iridium and platinum is treated with C.P. 
granulated zinc atid 5% free HCl. The iridium and the platinum are precipi¬ 
tated as fine black metal. The black metal is washed free from impurities 
and the platinum is dis.solvcd in dilute aqua regia as described under the 
Separations. The in.soluble portion is dried, ignited, reduced with hydrogen 
and weighed as metallic iridium. 

2. By Igniting the Salt (NH4)2lrCl6 

The percentage of iridium in the salt m.ay be judged fairly well by the 
color, by comparing with standard iridio-i)latinum salts. The salt is filtered, 
washed v.ith alcohol and carefully ignited and weighed as iridio-platinum 
sponge metal. The |)orcentage of iridium in the sample can be calculated from 
the weight of the iridium obtained. The two metals are treated as stated 
under 3 below. 

3. By Obtaining it as a Residue 

The iridium and the platinum, etc., are alloyed with at least ten times its 
weight of silver and the alloy dissolved in HNO 3 . The residue will be a small 
amount of platinum, gold, if any present, and iridium. Add a small amount 
of dilute aqua regia, which will dissolve the gold and the rest of the platinum, 
leaving the iridium as a black residue. This is filtered, washed and ignited, 
reduced by hydrogen and weighed as metallic iridium. 

One part of the iridium material is alloyed with ten parts of lead. This 
is packed in a graphite capsule, and the whole embedded in charcoal in an 
ordinary a.ssay crucible. Heat to a high temperature in a furnace for several 
hours. When the crucible and contents are cold, remove the lead and clean 
well. Treat the lead with dilute HNO3, thus removing the lead and leaving 
the iridium as the residue. Wash thoroughly and treat the residue with dilute 
aqua regia, which leaves the residue as pure iridium. If other metals of the 
platinum group are present, see separations under those metals. 

4. Determination of Iridium 

Method of Deville and Stas, Modified by Gilchrist ‘ 

l! Lead Fusion. Fuse the carefully sampled platinum alloy with 10 
times its weight of granular test lead for a period of one hour at a temperature 
of about 1000°. A ci)vercd crucible, whose outside dimeasions are 4 cm. in 
diameter and 7 cm. in height, machined from .\cheson graphite, is suitable 
for fusions made with 20 to 40 grams of lead. The inside of the crucible 
should posse.s 8 a slight taper to facilitate the removal of the cooled ingot. 
Do not pour the fusion from the crucible, but allow it to solidify, since the 
iridium has largely settled to the bottom of the crucible. The crucible is 
best heated with an electric furnace. 

’ Raleigh Gilchrist, U. 8 . Bureau of Standards, Jour. Am. Chem. Sue., 46 , 2820 
(1923). 
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2. Disintegration with Nitric Acid. Brush the cooled lead ingot free from 
carbon with a cnniora hair brush and place it in a beaker. Add nitric acid 
of the concentration one volume of nitric acid (d. 1.42) to 4 volumes of water, 
using 1 cc. of acid per g. of lead. Place the beaker on the steam bath or on 
a hot-plate, which maintains the temperature of the solution at about 85°. 
Disintegration of the lead ingot is usually complete in about two hours and 
leaves a rather voluminous, grayish-black mass. Dilute the solution to twice 
its volume and decant the liquid through a double filter, consisting of a 9-cm. 
paper of fine texture, on which is supcrimjTosed a 7-cm. paper of looser texture. 
Wash the residue quite thoroughly with hot water and pass the washings 
through the filters. The residue is not transferred to the filters at this point. 
The lead nitrate solutions and washings are best caught in an Erlenmeyer 
flask to make easier the detection of the presence of any residue which has 
passed through the filters. This is done by whirling the liquid in the flask. 
Return the filters to the beaker without ignition. 

3. Solution of the Lead-Platinum Alloy with Aqua Regia. Add in order 
—15 cc. of water, 5 cc. of hydrochloric acid (d. 1.18) and 0.8 cc. of nitric acid 
(d. 142) for each gram of the platinum-alloy sample taken. Heat the solution 
in the beaker on the steam-bath or on a hot-plate which maintains the temper¬ 
ature at about 8.5°. The lead-platimim alloy is usually comifletcly dissolved 
within one and a half hours. Dilute the solution with twice its volume of 
water and filter through a double filter similar to the one used for the lead 
nitrate solution, the iridium, insoluble in acpia regia, is iu the form of fine 
crystals, possessing a bright metallic luster and having a high demsity. Pass 
the clear solution through the filter first and then transfer the thoroughly 
macerate<l paper. It is very imi)ortant to examim; the beaker to see that no 
iridium remains. To do this the interior of the beaker is wifwd with a piece 
of filter paper to collect any metal adhering to the sides. Then by whirling- 
a small quantity of water iu the beaker any iridium remaining gravitates 
towards one i)lace whence; it can be removed with a piece of paper. Wash 
the filters and iridium thoroughly, first with hot water, then with hot dilute 
hydrochloric acid (1 : 100), and lastly with hot water. The chlorplatinic acid 
filtrate and washings should be examined for iridium, which may have passed 
through the filters, in the manner described under the nitric acid treatment. 
The last washings should be tested for the absence of lead. 

4. Ignition and Reduction of the Iridium. Place the washed filters and 
iridium in a porcelain crucible and dry, before igniting in air. After the 
destruction of the filter paper, ignite the iridium strongly with the full heat 
of a Tirrill burner. After all the carbon is burned out, cover the crircible 
with a Rose lid, preferably of quartz. Introduce into the crucible a stream 
of hydrogen, burning from the tip of a Rose delivery tube (a cpiartz tube 
preferred). After five minutes remove the burner and a few minutes later 
extinguish the hydrogen flame by momentarily breaking the current of hy¬ 
drogen. This is best done by having a section of the rubber delivery tube 
replaced by a glass tube, one end of which can easily be disconnected. Allow 
the iridium to cool in an atmosphere of hydrogen and then weigh as metallic 
iridium. 

Notes. In commercial analysis no effort is made to correct the weight of iridium 
for small amounts of ruthenium. Correction, if d<sired, can be made according to-thc 
original directions of Deville and Stas. (“ Proefs-verbaux, ComiM International dcs 
Poids et Mesures,” 1877, p. 185.) The correction for iron can be made by the procedure 



390b 


PLATINUM GROUP 


Huggested by W. H. Swanner, U. S. bureau of Standards. The iridium is fused with 
sine, the cxeeas zinc rcunovcal with hydrocliloric acid, and the zinc-iridium alloy fused 
with potassium pyrosulpluitc. 'I'la; fusion is diKCsted with dilute sulphuric acid, which 
loaves a residue of iridium fri'e from iron but contaminated with silica. Silica is now 
removed by the usual manm^r and pure iridium remains. This purification is necessary 
if iron is present in the siimple since this s(!par:itc's with iridium. Palladium, rhodium 
and «old Inive no effect in the debTinination. Ruthenium separates quantitatively with 
the iridium. The loss of weight of iridium during the ignition periods is insignificant. 

RUTHENIUM 

Element, Ruthenium. Ru. at.wt. 101.7; sp.gT. 12; m.p. 2450° C.? oxides, 

RU 2 O. 1 , RuO:, RuO^. 

DETECTION 

This element is found in platinum ores, and a.s laurite, RU 2 S 3 . It is barely 
soluble in aqua rr.gia and insoluble in acid potassium sulphate. It di.s.solves 
when fused with KOII and KXOj. The solution of the fusion when dissolved 
in Water forms potassium ruthenate, K-IluO^, from which IINO3 precipitates 
the hydro.xide, which is .soluble in 1101. The treatment with chlorine and 
KCl at a high temperature yields a salt of KjIluCU. The salts that arc most 
common arc K'dluCU and KjIluCb. 

The oxide, Ru-iOn, is formed when finely divided nithenium is heated in 
the air, forming a blue powder which is insoluble in acids. It can also be 
obtained by heating the trihydroxide, RufOIIls, in dry carbon dioxide which 
forms a black, scaly mass.* 

Ruthenium dioxide, RuOj, is obtained byro.astingthe disulidiidc or sulphate 
in contact with air. It is likewise formed when the metal is fused in an oxi¬ 
dizing atmosphere, when it burns with a sparkling smoky flame, and evolves 
an ozone-like smell.* 

Ruthenium tetroxide, RuO.i, is formed in small tpiantities when the metal 
is heated at KKHl" in a current of oxygen, although when heated alone it de- 
conipo.ses about l()(i°. It is prepared by passing chlorine into a solution of 
l)ota,ssium nitrosochlororuthenate, or of jiotassium ruthenate or sodium 
ruthenate iirepared by fusing the metal with sodium peroxide; the liquid 
becomes heated and the tetroxide distills over and is deposited in the receiver. 
The moist oxide (piickly decomposes. In the dry .state it is fairly stable, but 
decomposes in sunlight with the formation of lower oxides. It di.ssolves 
slowly in water, anil the .solution when it contains free chlorine or HCl may 
be kept w'ithout alteration for some days if light be excluded, but when pure 
slowly deposits a black precipitate.* 

In addition to the above oxides, salts corresponding to the acidic oxides 
RUO 3 iuul Ru-Or have be('n prepared. 

Potassium hydroxide precipitates a black hydroxide easily soluble in HCI. 

Hydrogen sulphide slowly produces brown RU 2 S 3 . 

Ammonium sulphide preci))itates brownish black sulphide. 

Metallic zinc precipitates metallic ruthenium, the solution fir.st turning blue. 

Potassium sulphocyanate gives on heating a dark brown solution. 

Silver nitrate gives a rose red precipitate. 

Mercurous nitrate produces a bright blue precipitate. 

Zinc chloride produces a bright yellow precipitate which darkens on 
standing. 

* “ Treatise on Chemistry,” Hoscoe and fik’horlcmmer. 
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Potassitun iodide after a time by heating precipitates the black sesqui- 
iodide. 


ESTIMATION 

Ruthenium is generally estimated in alloys anil ores or residues. 

Preparation and Solution of the Sample 

When ruthenium is alloyed with platinum or gold, aqua regia dissolves 
these metals, forming the chlorides of platinum, gold and ruthenium. The 
ruthenium in ores is in the form of an alloy with platinum or osmiridium. 
This is fused with KNO 3 and KOI! in a silver crucible, the osmium and the 
ruthenium forming salts as described above, while the iridium remains as an 
oxide. 


Separations 

Separation of Ruthenium from Platinum. The two metals are precipitated 
with KCd and the potassium rutheniochloride is dissolved out with coltl water 
containing a very small amount of KCl and alcidiol. The ruthenium is then 
precipitated from an acid solution by additions of granulated zinc. 

A separation may he made by alloying with silver and dissolving the 
platinum and silver by UNO;,, the ruthenium remaining as the rc.sidue. 

From a concentrated solution of the.se metals preci])itate the platinum 
with NH.iC!l. lOvaporate the fdtrate ivith pota.s,sium nitrate to dryness and 
boil the residue with alcohol when the residual platinum will remain behind 
and the ruthenium goes into solution. 

Separation of Ruthenium from Iridium. The two metals are fused with 
KOII and KNO3 as described above, the ruthenium forming a salt soluble in 
water and the iridium remaining as an oxide. 

To the .solution of the two metals, sodium nitrite is added in exce.ss, with 
sufficient sodium carbonate to keep the liquid neutral or alkaline. The whole 
is boiled until an orange color appears. The ruthenium and the iridium are 
converted into soluble double nitrites. Sodium sulphide is then added, small 
quantities at a time until the precipitatcil ruthenium sulphide is dissolved in 
the excess of alkaline sulphide. At first the addition of the sulphide gives the 
characteristic crimson tint due to ruthenium, but this quickly disappears and 
gives a bright chocolate-colored precipitate. The solution is boiled for a few 
minutes, and allowed to become perfectly cold and thim dilute flCl cauljously 
added until the dis.solved ruthenium sulphide is precipitated and the solution 
is faintly acid. The .solution is filtered and the precipitate w.ashed with hot 
water. The filtrate will be free from ruthenium.' 

The fusion with KOH and KNO3 as described above is dissolved in water 
in a flask or retort; chlorine is passed through this solution and thence into two 
or three flasks containing a solution of KOH and alcohol. The two or three 
flasks which form the condensing apparatus should be kept as cold ns possible. 
The ruthenium is tran.sformed into volatile RuOi which condenses in the 
flasks, while the iridium remains in the retort. 

‘ “Select Methods in Chemical Analysi.s,” .Sir Wm. Crookes. 
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Separation of Ruthenium from Rhodium. The mixed solution of the two 
metals is treated with potassium nitrite as described above. The orange- 
yellow solution is evaporated to dryne.ss upon the water bath and treated 
with absolute alcoliol. The rhodium remains undissolved and can be filtered 
off and washed with alcohol. The rhodium salt can be ignited with NH<C1 
and after washing yields metallic rhodium. See Separation of Rhodium from 
Ruthenium. 

Separation of Ruthenium from Osmium. See Separation of Osmium from 
Ruthenium. 

GRAVIMETRIC METHODS FOR THE DETERMINATION 
OF RUTHENIUM 

Ruthenium is weighed ns the residue or metallic rutlusnium after it has 
been separated from the other metals. 

The residue containing ruthenium or osmiridium is fused in a silver crucible 
with five grams KOII and one gram KNOj at a low temperature from one- 
half to one hour. The mass is cooled and extracted with water. The orange- 
colored solution containing pota.ssium ruthenatc! is gently distilled in a current 
of chlorine whereby the volatile ruthenium tetroxido pa.sses over into the 
receivers. All connections should be ground gla.s.s .so that no Ru will be 
reduced in the joints. The solution in the distilling flask must be kept alkaline 
to prevent iridiutn chloride from distilling over with the Ru. Add a small 
piece of KOH after the first distillatiiui and distill as before. Oftentimes it 
Avill be necessary to fuse again with KOII and KNO3 and distill as stated 
above. Continue to pass chlorine through the alkaline solution until all 
effervescence ceases. Disconnect the chlorine and draw air through the 
apparatus, heating the solution nearly to boiling. 

1. Receivers containing KOII solution (10 to 1.5% KOH) and alcohol. 

a. This alkaline solution containing the ruthenium tetroxide distillate is 
evaporated to a smaller volume and the ruthenium is precipitated by boiling 
with absolute alcohol. Filter, wash well with hot water, dilute HCI and again 
with hot water. Ignite, reduce in hydrogen and weigh as metallic Ru. 

• 6. The alkaline solution from the receivers is made acid with HCI and 
the Ru is precipitated from the hot .solution with hydrogem sulphide gas. 
Filter, wash, ignite at a high tenifjcrature, reduce in hydrogen and weigh as 
metallic Ru. 

2. Receivers containing hydrochloric acid. 

а. jThis acid solution containing the ruthenium tetroxide distillate is heated 
to nearly boiling and the ruthenium is precipitated with hydrogen sulphide 
gas as under 16. 

б. The acid solution containing the Ru is evaportitcd to a concentrated 
solution and transferred to a weighed porcelain crucible. Evaporate to 
dryness, bake and ignite. Reduce in hydrogen and weigh as metallic Ru. 

c. Ruthenium may be estimated by precipitation with magnesium from 
solutions of its salts. The precipitate is washed with dilute sulphuric acid 
to remove excess of magnesium, dried, ignited in a current of hydrogen, cooled 
in carbon dioxide and weighed as metal.' 

' Text Book of Inorganic Chemistry, Vol. IX, Part 1. J. N. Friend. 



RHODIUM 

Element, Rhodium. Rh. «<.«»<. 102.91 12.1; m.p. 1950° C.; oxides, 

RhO, RhjOa, RhO.. 

DETECTION 

Rhodium is found only in platinum ores. It is a white metal, difficultly 
fusible, and insoluble in acids. Rhodium, however, dissolves in aqua regia 
when alloyed with platinum, to a cherry red solution. It is also soluble in 
molten phosphorie acid and di.ssolves when fused with acid potassium sulphate 
with the formation of K.iRh(S 04 ) 3 . If the metal is treated with chlorine in 
the presence of sodium chloride there forms a soluble salt, NaaRhCU. 

Rhodium monoxide, RhO, is obtained by heating the hydroxide Rh(OH)s, 
by cupellation of an alloy of rhodium and lead, or by igniting the finely-divided 
metal in a current of air. It is a grey powder with a metallic appearance, and 
is not attacked by acids, and when heated in hydrogen is reduced with evolution 
of light.* 

The oxide, Rh'^Oa, is obtained as a grey irideseent spongy mass by heating 
the nitrate. It is also formed as a crystalline mass when sodium rhodochloride 
is heated in oxygen. It is perfeetly soluble in acids' 

Rhodium dioxide, Rh02, is obtained by repeated fusions of the metal with 
KOH and KNOj. It is attaeked neither by alkalies nor by acicis and is reduced 
by hydrogen only at a high temperature.' 

Hydrogen sulphide jirecipitates rhodium sulphide, when passed into a 
boiling hot solution containing rhodium. 

Potassium hydroxide precipitates at first a yellow liydroxide, I’h (011)3 
-f-HaO soluble in an excess of the reagent. If boiled, a dark gelatinous pre¬ 
cipitate separates. A solution of NasRlitflj does not show this reaction 
immediately, but the precipitate appears in the cour.se of time. An addition 
of alcohol causes a black precipitate immediately. 

Ammonium hydroxide produces a precijiitatc which dissolves in excess 
NII4OH on heating. Addition of HCl now produces a yellow precipitate, 
insoluble in HCl but soluble in NH4OH. 

Potassitim nitrite precipitates from hot solutions a bright yellow precipitate 
of double nitrite of potassium and rhodium. 

Zinc, iron and formic acid precipitate rhodium as a black metal. , 

Hydrogen reduces rhodium salts. 

To detect small amounts of rhodium in the pre.sence of other metals, 
evaporate the solution and displace with a fresh solution of sodium hypo¬ 
chlorite; the yellow precipitate formed is soluble after an addition of acetic 
acid. After a Imig agitation the solution changes to an orange-yellow color 
and after a short time the color passes and finally a grey precipitate settles and 
the solution turns sky-blue.’ 

‘ “Treatise on Chemistry,” Kaseex; and Schorlcmmer. 

’ Prescott and Johnson. 
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ESTIMATION 

Rhodium is estimated mainly in ores, thermo couples and salts. 

Preparation and Solution of the Sample 

When rhodium is estimated in thermo C(mplcs or other alloys of platinum 
and rhodium the wire or sainph; is rolled to a thin ribbon and dissolved in 
aqua regia. Both metals will go into solution, forming the chlorides of rhodium 
and platinum. The acpia regia will have to be replaced from time to time, as 
the alloy dissolves slowly. 

The rhodium from salts is precipitated with zinc and the black metallic 
rhodium cleaned with dilute aqua regia, filtered, washed, ignited and reduced 
with hydrogen. 

Some alloys and ores arc alloyed with .silver and the silver and platinum 
are dissolved in HNO3. The residue is cleaned with aqua regia, dried, and 
weighed as metallic rhodium. If the residue is ignited reduce with hydrogen. 

The material or residue containing rhodium is fused with KHSO4 for some 
time at a low red heat and the mass leached with hot water acidified with HCl. 
The rose-red solution contains the rhodium. Several fusions are generally 
ncce.ssary. 

Separations 

Separation of Rhodium from Platinum. Alloys aTul ores containing plati¬ 
num and rhodium dis,solve slowly in acpia regia as stated above. After ex¬ 
pelling the HNOa add Nll,|(.‘l. The precipitate is fdtered and wa.shed with 
dilute ammonium chloride .solution, which (lissolvcs the rhodium salt. A very 
small amount of rhodium will color the filtrate pink to a rose-red color, de¬ 
pending on the amount of rhodium prcs(mt. A green tinge in the ammonium 
chloroplatinate indicates the presence of rhodium. 

A solution of NaOII is added to the IICl solution of the two metals until 
yellow rhodium hydroxide begins to separate. After neutralizing, the volume 
of the solution should be so adjusted that the estimated total content of Pt 
and Rh docs not exceed 1 gram p('r 100 cc. A mixture of equal volumes of 
solutions containing 00 grams of crystallized barium chloride and 36 grams 
of anhydrous sodium carbonate per liter, respectively, is added. Not less 
than 5 cc. of each solution Ls taken. After the suspension of barium carbonate 
is added, the solution is rapidly heat('d to boiling and boiled for two or three 
minutes. The residue is filtered off and washed several times with a hot 2% 
solution of sodium chloride, after which it is returned, with the filter paper, 
to the original beaker and digested with 2.') cc. IIC'l (IHCl to 4 H 2 O) until 
solution is complete. Dilute with waiter and filter off the paper pulp. Adjust 
the volume to about 150 cc., heat to incipient boiling for 30 to 45 minutes 
while a current of hydrogen sulphide is passed in. After the precipitation 
the rhodium sulphide is filtered off at once, washed with water containing a 
little ammonium chloride, and ignited in a weighed porcelain crucible. The 
ignited sulphide is reduced and cooled in hydrogen, and weighed as metallic Rh.‘ 

Separation of Rhodium from Iridium. See Separation of Rh from Pt. 

A separation can be made by adding .sodium nitrite in excess to the solution 
of the two metals, with a sufficient quantity of sodium carbonate to make the 
* Edward Wichcre, The Jour. Am. Chem. Soc., .4ug. 1924. 
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solution neutral or alkaline; this is boiled until the solution assumes a clear 
orange color. The rhodium and iridium are converted into soluble double 
nitrites. A solution of sodium sulphide is added in slight excess and the 
liquid made slightly acid. The rhodium is precipitatcil as dark-brown rhodium 
sulphide. 

A solution of rhodium and iridium is evaporated with HCl and displaced 
with a large excess of acid sodium sulphite, NaHSOj, and allowed to stand 
sometime when a pale yellow double salt of rhodium and .sodium sulphite 
slowly .separates out while the solution becomes nearly colorless. Wash out 
the precipitate, and heat with hot concentrated H 2 SO 4 till the sulphurous acid 
is driven off. Heat the material in a crucible until rid of all free sulphuric 
acid. Then the iridium is dissolved out as a sulphate with a deep chrome- 
green color, while a double salt of sodium sulphate and rhodium o.\ide remains 
behind. This is flesh color insoluble in water and acids. Hoil with aqua regia, 
wash, dry, heat and it decomposes into rhodium and sodium sulphate.' 

Rhodium can .also be se))arated from iridium, when the latter is pre.sent 
as an iridic salt such .as Ir(S().i)>, by precipitating the mixed salts with caustic 
pota.sh, dissolving the hydro.xides in dilute sulphuric acid and adding caesium 
sulphate. The sparingly .soluble rhodium caesium-alum separates in the cold, 
and can readily be purified by rccrystallization and then by electrolysis.* 

The residue of rhodium and iridium is melted or scorified with test lead. 
The lead button is cleaned and dissolved in dilute IIXO3. After filtering and 
washing the residue, do not ignite, but wash the contents of the filter into a 
beaker and fume with H-iSO., from one to three hours. When cool, dilute 
with water and let stand over night; The residue contains the iridium and a 
small amount of I’bSOi, while the solution contains the rhodium as the sulphate. 
To make a further scqiaration from impurities ])resent, the sulphate solution 
is made alkaline with NaOH and boiled. Let stand until cold and filter off 
the rhodium hydro.xide. Digest with IK'I until all the hydroxide has dissolved. 
Filter and wash with hot water, h'.vaporate the filtrate to dryness, dissolve 
in hot water and add about 15 cc. of sodium nitrite solution (40% NaNOj). 
Heat until all action ceases, then add sodium carbonate to the hot solution 
until no more jirecipitate forms. Lot cool, filter and wash with hot water. 
Acidify the filtrate with dilute acetic acid and add j)()tas.sium chloride solution 
(20% KCl) until all the Rh is precipitated. Let stand over night at 50 to 
60° 0. When cold, filter the white precipitate, wasJiing with 20%, KCl solution 
containing a little NaNOz. The white precipitate of potassium rhodium 
nitrite is digested with HCd, filtered and washed with hot water. Evaporate 
the HCl solution to dryness, add ammonium formate and heat until dry. 
Ignite, reduce in hydrogen ami cool in CO 2 , wash free from salts with hot water, 
ignite and reduce in hydrogen .as before and weigh as nuitallic Rh. 

Separation of Rhodium, Piatinum and Palladium. Having the three in 
solution precipitate the platinum with NH4CI as described under Platinum. 
After filtering off the (NH 4 ) 2 PtCl 6 precipitate, and after neutralizing the filtrate 
with NajCOj add mercuric cyanide to separate the palladium as PdfCN)^ as 
described under palladium. The filtered solution is evaporated to dryness 
with an excess of HCl. On treating the residue with alcohol, the double 

' "Hand Book of Chemistry,” Dammcr. 

* "Treatise on Chemistry,” Iloscoc and Schorlemmer. 
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chloride of rhodium and sodium is left undissoivcd os a red powder. By 
heating this in a tube through which hydrogen is passed the rhodium is reduced 
to the metallic state and the sodium chloride is washed out with water leaving a 
grey powder of metallic rhodium. 

The residue containing these three metals is scorified with test lead, and 
the resultant lead button cupelled with silver. The silver bead is dissolved 
in dilute HNO*; the solution filtered, washed with hot water, ignited, and the 
residue treated with dilute aqua regia to di.ssolve any platinum or palladium 
that may be present. Filter, wash with hot water, ammonia water, and 
again with hot water. Ignite and reduce in hydrogen as metallic Rh. 

Separation of Rhodium from Ruthenium. The solution containing the two 
metals is treated with sodium nitrate as above and evaporated to dryne.ss. 
The residue is powdered and treated in a flask with absolute alcohol. After 
filtering and washing with alcohol the rhodium remains undissoivcd. 

The substance or residue containing the rhodium and ruthenium may be 
fused with KHSO^ in a porcelain or platinum crucible causing the rhodium to 
go into solution os already described. The ruthenium remains insoluble. 
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QRAVIMETRIC METHODS FOR THE DETERMINATION 
OF RHODIUM 

1 . The solution containing rhodium is treated with zinc and the residue is 
washed well with hot water acidulated with HCl. The residue is then cleaned 
with dilute aqua regia and the black metallic rhodium is filtered off, dried, 
and ignited in hydrogen. Cool and weigh as metallic rhodium. 

2. The metals may be melted with lead or silver and the buttons dissolved 
in dilute HNOj, leaving a residue which is treated with dilute aqua regia to 
dissolve any platinum that might be present. The residue is treated with salt 
and chlorine and the melt dissolved in water as described under Iridium. 
The iridium is precipitated with NH 4 CI and the rhodium with zinc. The 
rhodium black is cleaned with dilute aqua regia, filtered, washed and ignited. 
Reduce in hydrogen and weigh as metallic rhodium. 

3. The solution containing the rhodium is made alkaline with KOH and 
then acid with formic acid, boil, and the rhodium will be precipitated ets 
finely divided metallic rhodium. After filtering proceed in the usual manner. 

4. After the platinum and the palladium are eliminated, the residue of Ir, 
Rh and Ru is fused with KHSO 4 in a p<}rcelain crucible and the melt dissolved 
in water. Filter, wash with hot water, and after acidulating with HCl the 
Rh is precipitated with C.P. powdered zinc, hydrogen sulphide gas or both. 
Filter, wash with hot water and ignite. Clean the residue with dilute HNOi, 
then with dilute aqua regia, wash with hot water, ignite in hydrogen and 
weigh as metallic Rh. 

6. The residue containing Ir, Rh, Ru and Os is fused with five grams 
KOH and one gram KNOs, and the Ru and Os are distilled with chlorine as 
explained under ruthenium. The solution in the distilling flask is zinced well, 
filtered, washed and ignited. The residue of impure Ir and Rh is scorified 
with test lead, the lead button dissolved in dilute HNOj and the residue 
treated with H 2 SO 1 as explained under Separation of Rh from Ir. The clear 
rhodium sulphate solution is treated with C.P. powdered zinc, hydrogen 
sulphide gas or both, and the precipitate is treated as explained above and 
weighed as metallic Rh. 

6. The solution from the distilling flask is zinced well as explained above. 

The residue is filtered, washed, ignited and boiled with a few cc. of HNOj 
and boiled with H 2 SO 4 for one to three hours as explained above. The rhodium 
sulphate solution is made alkaline with KOH and boiled with alcohol until all 
the rhodium is precipitated and the solution is clear. Filter, wash with hot 
water, dilute HNOj and again with hot water. Ignite, reduce in hydrogen 
and weigh as metallic Rh. * 

7. Rhodium is conveniently estimated by precipitation with magnesium 
from solutions of its salts. The precipitate is washed with dilute HjSOj to 
remove excess of magnesium, dried, ignited in a current of hydrogen, cooled 
in carbon dioxide and weighed as metal. ‘ 

* Text Book of Inorganic Chemistry, Vol. IX, Part I. J. N. Friend. 



OSMIUM 

Element, Osmium. Os. aLwt. 190.9; sp.gr. 22.4; m.p. 2700° C.? oxides, 
OsO, OssO], OsOa, OSO 4 . 

DETECTION 

Osmium occurs with platinum ores as a natural alloy with iridium (Os- 
miridium) and remains undissolved in the form of hard, white metallie¬ 
looking grains when the ores are treated with aqua regia. The chlorides, 
OsClj and OsCU, combine with the alkali chlorides. Through the action of 
HNOj, aqua regia or heating in a stream of moist chlorine, osmic tetroxide is 
formed. 0 h 04 is very volatile and the fumes are poisonous. It is detected 
readily by the odor when heated, as the fumes are highly corrosive and dis¬ 
agreeable like chlorine. Chlorine passed over hot osmium mixed with KCl 
gives KjOsCla, which dissolves in cold water. 

The oxy-hydrogen flame oxidizes the metal but does not melt it. When 
strongly heated in contact with air, the finely divided osmium burns and is 
converted into OsOi, commonly called osmic acid. 

Osmium monoxide, OsO, is obtained when the corresponding sulphite 
mixed with sodium carbonate is ignited in a current of carbon dioxide. It is a 
greyish-black powder insoluble in acid.' 

The oxide, OsjOs, is a black insoluble powder obtained by heating its 
salts with sodium carbonate in a current of carbon dioxitle.' 

Osmium dioxide, OsO-i, is obtained from its salts in a similar way to the 
foregoing oxides. It is likewise formed when its hydroxide is heated in a 
current of carbon dioxide.' 

Osmium tetroxide, OSO 4 . Very finely-divided metallic osmium oxidizes 
slowly at the ordinary temperature, and at about - 100 ° takes fire with formation 
of OSO 4 . The denser the metal the higher is the temperature nectled for 
oxidation.' 

Hydrogen sulphide precipitates dark brown osmium sulphide, OsSj, but 
only in the presence of some strong mineral acid; from an aqueous solution 
of osmic acid there forms a dark brownish-black sulphide, O.sS^. These are 
insoluble in ammonium sulphide. 

Potassium hydroxide precipitates reddish-brown osmium hydroxide. 

Os(OHl4. 

Ammonium hydroxide precii)itatcs the osmium hydroxide. 

Zinc and formic acid precipitate black metallic osmium. 

Hydrogen reduces osmium compounds to the metal. 

Potassium nitrite added to a solution of osmic acid reduces it to osmous 
acid which unites with an alkali forming a beautiful red salt. 

Sodium sulphite yields a deep violet coloration and a dark blue osmium 
sulphite separates out gradually. 

Phosphorus reduces osmium from an aqueous solution." 

Mercury precipitates osmium from an aqueous solution of osmic acid mixed 
with HCl. 

Stannous chloride produces a brown precipitate, soluble in HCl to a brown 
fluid. 

* “Treatise on Chemistry," Roscoe and Schorlemmer. 
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ESTIMATION 

Osmium is estimated mainly in osmiridium and platinum residues. 

Preparation and Solution of the Sample 

After the platinum is extracted the residue or osmiridium is mixed with 
two or three times its weight of common table salt. The mixture is put in a 
porcelain or silica tube and heated to a dull red heat; moist chlorine is then 
passed through the tube and thence through receivers containing KOH and 
CjHsOH to catch the Os and Ru that pass over. The mass is cooled and 
dissolved with water. After several treatments the entire group of platinum 
metals will be in .solution. 

The osmium material may also be fused with KOH and KNOj and the melt 
dissolved in water. The osmium will be in solution as potassium osmate, 
KjOsOi, while the iridium remains as residue. 

Cold selenic acid has no appreciable action on osmium; at about 120°, 
however, the metal is disscjvcd to a colorle.ss solution which contains selenious 
acid and OsOi, but no selenate.^ 


Separations 

In most cases osmium is separated from the other metals present by distil 
lation or volatilization. See next page. 

* “Chemical Abstracts,” April 10, 1918. 
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GRAVIMETRIC METHODS FOR THE DETERMINATION 

OF OSMIUM 

The osmium is very difficult to ascertain on account of the element being 
veiy volatile. 

1. The potns.sium osmate, KjOsOi, solution is put in a small retort and 
boiled with HNOs, the OSO 4 , is conducted into receivers containing NaOH 
solution and CjHsOH. After acidifying with a little HCl the osmium can be 
precipitated with Na 2 S 20 « as a brown precipitate of 0s04 which is filtered, 
washed, dried and weighed ns the oxide, or reduced in hydrogen and weighed as 
the metal. The osmate solution from the receivers above is heated gently 
and strips of aluminum are plunged in; the osmium will be deposited in 
metallic form, while the aluminum dissolves in the soda. Care must be taken 
not to add too much aluminum, as an aluminatc might be precipitated which 
is troublesome. When the solution is discolored, the dense precipitated osmium 
is washed by decantation with water to remove the sodium aluminate, and 
then with 6% H 2 SO 4 solution to remove the excess aluminum. The osmium 
is dried in a bell-jar filled with hydrogen, then heated to a dull redness and 
cooled in a current of hydrogen. The osmium is weighed as the metal. As a 
check the osmium may be driven off in the form of OSO 4 by heating to redness 
with plenty of air, or better, in a current of oxygen and weighing again.' 

2. The osmate solution from the condensing receivers or from the fusion of 
KOH and KNOa containing the ruthenium and osmium is placed in a retort 
and HCl is added. A slow current of air or oxygen is passed through the 
retort and thence through receivers containing KOH and alcohol similar to 
the.ones mentioned above. These receivers are kept as cold as possible. 
The osmium is distilled over us O 8 O 4 while the ruthenium remains in the retort. 
Combine the solutions in the receivers and proceed to determine the osmium 
as described above. 

3. The potassium or sodium osmate solution from the receivers above or 
where osmium tetroxide is dissolved in potassium hydroxide solution and 
alcohol is heated at 40 or 50“ to form potassium osmate. A slight excess of 
dilute sulphuric acid is added and then 10 cc. mure of alcohol in order to 
prevent reoxidation. After ten or twelve hours, a bluish-black deposit settles, 
whUe the supernatant liquid is colorless and free from osmium. The precipi¬ 
tate is filtered, washed with aqueous alcohol, and converted into metallic 
osmium by reduction in a current of hydrogen. 

4. The residue containing osmium is fused with five grams KOH and one 
gram KNOa in a silver crucible as explained under ruthenium. Add HNOa 
slowly to the distilling flask which is connected to receivers eontaining NaOH 
solution and alcohol (10% NaOH and 10% CaHaOH). Draw the distillate 
over gently with the aid of the vacuum, the same as for the chlorine distillation 
under ruthenium. Continue the HNOa until strongly acid and then boil for 
a short time. Transfer the alkaline solution containing the OsOa distillate to 
a beaker and pass in hydrogen sulphide gas while the solution is heating until 
saturation; then add HCl until the solution is distinctly acid and continue 
to saturate the hot acid solution with hydrogen sulphide gas. Let stand over 
night, filter through a weighed Gooch crucible, washing well with hot water. 
Ignite in hydrogen, cool in CO] and weigh as metallic Os. 

* “Select Methods of Chemical Analysis,” Sir Wm. Crookes. 
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ASSAY METHODS OF PLATINUM ORES, ETC. 

Take from 10 to 30 grams of the material and place in a 2j- or 3-in. scorifier . 
with about 20 to 30 grams of test lead and cover with litharge Fuse in a 
muffle for a half hour. When cool clean the lead button thoroughly and dis¬ 
solve the lead with dilute nitric acid (1 :5). When the lead is dissolved, 
filter, and wash the residue with hot water till free from lead. Dry the filter 
and transfer the bulk of the residue to a small glass beaker. Bum the filter, 
and add the ash to the main residue. This is treated with dilute aqua regia 
to remove any gold, platinum, etc., that may be present. Filter and wash 
thoroughly with hot water and ignite at a low temperature for a short time 
only, as osmium will volatilize. Weigh as osmiridium. (See Ir and Os.) 

Take another portion of 10 to 30 grams of the material and treat with aqua 
regia two or three times. This will bring the platinum and the alloys (except 
osmiridium) into .solution. After filtering make up the volume to 500 to 
1000 cc., depending on the amount of platinum present. Take two or three 
portions of 25 to 50 cc. of the solution and evaporate to nearly dryness with 
additions of HCl to get rid of the HNOj. Take up with a small amount of 
water and add ammonium chloride. Digest on the water bath and let cool 
overnight if convenient. Filter onto an ashleiss filter and wash with dilute 
ammonium chloride solution and alcohol. Ignite cautiously and weigh as 
platinum and iridium sponge. For the determination of iridium see under 
Iridium. 

The filtrate from the platinum precipitation is treated with ferrous sulphate 
to precipitate the gold. Digest and filter out the gold. Ignite and alloy with 
silver and part for gold. 

In the filtrate from the gold precipitation the palladium and rhodium are 
treated with zinc and HCl until the solution is colorless. Filter, wash well 
with hot water and dilute HCl. 

Ignite, reduce in hydrogen, cool and weigh as Pd and Rh. Treat with 
HNOa. Filter, wash well, ignite and reduce in hydrogen, cool and weigh as 
metallic rhodium. The difference is palladium, or determine this as described 
under palladium. 

In the revision of the chapters on platinum, palladium and the other 
metals of the group a considerable number of suggestions by Dr. Edward 
Wichers of the U. S. Bureau of Standards, have been included by revising 
the statements of previous editions. The chemistry of the platinum metals 
.is a field of much variance of opinion and the methods for isolation qf these 
elements are far from perfect. We feel, however, that the chapters present 
the latest and best work on the subject.—Editor. 
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TextlxM>k of Inorganic Chemistry, Vol. IX, Part I. J. N. Friend. 

With the platinum-metal salts in dilute solution. Based on the results of Mylius apd Mazzucchellir Zeitsch. m»org. Cbem., 1914, 
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POTASSIUM, SODIUM AND OTHER ALKALIES 


Sodium, Na, at.wt. 23.00; sp.gr, 0.9735; m.p. 97.6°; b.p. 877.6°C.; oxides 

NajO, Na^O,. 

Potassium, K,at.wt. 39.10; sp.gr. 0.S75; m.p. 62.5°; 6.p. 767.5° C.; oxides 

K,0, KjO,. 

Lithium, Ll.at.ict. 6.94; sp.gr. 0.534; m.p. 186°; b.p. >1400°C.; oxide JAtO.] 

Rubidium, Rb, at.wt. 85.44; sp.gr. 1.532; m.p. 38.5°; 6.p. 6!)6°C.; oxides 
KbsO, KbjOs, Kb:0» Rb^O,. 

Caesium, Cs, at.wt. 132.81; sp.gr. 1.87; m.p. 26.37°; b.p. 670° C.; oxides 

CS2O, CvSaO,. OsjOsj ON3O4. 

DETECTION 

Detection of Sodium 

Sodium is usually identified by the color which it imparts to the flame or by 
means of the spectroscope. 'I'he solution i.s prepared as dinM'tcd under Prepara¬ 
tion and Solution of Sample, and is freed from all constituents other than the 
chlorides of ma;;ncsium ajul the alkalies according to the methods given under 
Separations. With exceedingly small amounts of sodium, it may be necessary 
to remove the magnesium also. After acidifying with hydrochloric acid, a drop 
of the solution is brought into the fliuue by means of a loop of platinum wire. 
In the pre.sence of .sodium, the flame assumes an intense yellow color, which is 
usually sufficient to identify the element. The rcsult .3 may be coiifinned by 
examining the flame in the spectroscope, when the clmr.acteristic yellow sodium 
line will be prominent even in the presence of traces of sodium. The spectrum 
of sodium is shown on Plate II. As a matter of fact, the <!ver-presence of 
the sodium line is a hindrance to the success of the method, but by observing 
the sudden change in the intensity of the line, little troulile will be experienced 
in detecting exceedingly small amounts of the metal. • 

Sodium may also be detected by precipitation as sodium pyroantimonate, 
H,Na,Sb, 07 .HjO, from a sufficiently concentrated neutnil or weakly alkaline 
solution by means of a solution of acid pot{is.sium pyroantimonate. The pre¬ 
cipitate comes down in granular or crystalline form, and its formation is 
hastened by rubbing the sides of the vessel with a glass rod. In making this 
test, magnesium must also be previously removed from the solution. 

In waters and soluble salts, it is usually sufficient to test directly the <ioa- 
centrated solution in the flame or spectroscope. 

Chapter contributed by W. B. Hicks. 
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Detection of Potassium 

For the detection of potassium in insoluble compounds, bring the sample 
into solution by one of the methods given under Preparation and Solution of 
Sample. In other cases, prepare a strong solution of the material to be tested. 
Where only very small amounts of potassium arc present, remove all the con¬ 
stituents from the solution except the chlorides of magnesium and the alkalies 
as directed under Separations. In the presence of considerable amounts of 
potaasium, small (piantities of other constituents will not materially interfere 
with the flame and spectroscopic tests. After acidifying with hydrochloric 
acid, bring a drop of the solution to be tested into the non-luminous flame by 
means of a platinum wire and okserve the color produced through a Merwin 
color screen.' In the presence of pota.ssium, a distinct reddish-violet colora¬ 
tion will be apparent. This must not be confused with the color caused by 
large amounts of sodium, which appear bluish-violet through the screen. 
Comparison with the coloration produced by pure salts is advisable. If neces¬ 
sary, oonflrm the results by examining the flame in the spectroscope. In the 
presence of a moderate amount of a volatile potassium compound, a bright 
red line will be readily s(!en in the red portion of the spectrum, and a less 
distinct violet line will be visible far out in the violet rays. 

Potassium may be identified by precipitation as cobaltic nitrite. For this 
purpose place a small quantity of the solution to be examined in a test tube, 
acidify slightly with acetic acid, add about an equal quantity of the sodium 
nitrite solution, prepared by dissolving 12.5 grams of sodium nitrite (NaNO-) 
in 250 cubic centimeters of distilled water, and about half as much of cobalt 
nitrate solution, prepared by dissolving 25 grams of cobalt nitrate (CofNOsla- 
GHjO) in 100 cubic centimeters of distilled water and adding .50 cubic centi¬ 
meters of concentrated (glacial) acetic acid. Mix and allow the mixture to 
stand until effervescence ceases and the cherry-red solution is transparent. 
If an appreciable amount of potash is present a yellow precipitate will have 
settled to the bottom of the test tube. By comparing the volume of the pre¬ 
cipitate with that produced when a known quantity of potassium chloride is 
used, an idea of the amount of potash iircsent can be obtained. Ammonium 
salts produce a .similar precipitate. 

Potassium chloroplatinate, perchlorate, acid tartrate, picrate, silico- 
iluoride, and phospho-tungstate are ail sparingly soluble in water while the 
corresponding sodium salts are readily soluble. Precipitation of these com¬ 
pounds from solution may be used in the identification of potassium. 

Silicate rocks and minerals may be tested for potash by mixing the finely 
powdered material with an equal quantity of pure calcium carbonate, moisten¬ 
ing with hydrochloric acid, and examining a small amount of the wet mixture 
on a platinum luoj) in the flame. 

' The Merwin color screens are manufactured and sold by G. M. Flint, 84 Wendell 
Street, Cambridge, Maas., at 50 cents apiece, and arc far .suijcrior to the ordinary 
cobalt gloss. 
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Detection of Lithium 

Bring the sample into solution as directed under Preparation and Solution of 
Sample, and separate the alkali chlorides from other constituents according to 
the methods under Separations. Digest the dry chlorides with amyl alcohol 
or with a mixture of absolute alcohol and ether, filter, and evaporate'the filtrate 
to dryness. Moisten the residue with dilute hydrochloric acid and examine 
it in the spectroscope. A bright red band and a faint orange line make up the 
flame spectrum of lithium Plate II. These lie between the sodium line 
and the red potassium line and are easily recognized. 

Lithium salts impart a carmine-red color to the flame, which is obscured by 
sodium, and by large amounts of potassium. But by the projjer use of a color 
screen, the lithium flame may be recognized in the presence of large amounts 
of sodium. 

Confinnation of the presence of lithium may be had by the formation of the 
sparingly soluble lithium phosphate or lithium fluoride. 

Detection of Rubidium and Caesium 

In the usual course of analysis, these rare elements are separated along with 
sodium, potassium, and lithium from all otlujr bases. In order to detect rubidium 
and caesium, extract the dry chlorides of the alkali metals with a few drops of 
hydrochloric acid and 90% alcohol. This will di.ssolve most of the rare alkalies 
along with some sodium and potassium. Kvaporate the solution to dryness, 
dissolve in a very small amount of water, and add chloroplatinic acid solution. 
Rubidium, caesium, and potassium chloroplatinates will be precipitated. Filter 
and wa.sh the residue rei)eatcdly with hot water to remove the potassium salt, 
which is much more soluble than rubidium and caesium chloropl.atiimtes. During 
this treatment, examine the nssidue from time to time in the spectroscope. As the 
rubidium and eaesium salts are concentrated through washing, their spectra 
will gradually become visibh'. 

The flame .spectrum of rubidium consists of two red lines at the extreme 
left end of the ai)ectrum, .'5 orange lines rather close together just to the left of 
the sfKlium line, and a narrow and a broad line between the violet and indigo 
portion of the spectrum. 

Caesium has one narrow orange line, one broad yellow line just left of the 
sodium line, one green line, and two broad blue lines close together. 

The spectra of rubidium and caesium are shown on Plate II. 
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ESTIMATION 

The estimation of sodium and potassium is required in the analysis of rocks, 
clays, soils, ashes of plants, waters, brines, saline deposits, salts of the alkalies, 
many technical products, and in other cases. The determination of potassium 
is of special importance in the analysis of fertilizers. The estimation of lithium 
is desired in the analysis of lithium minerals, frequently in mineral waters, 
occasionally in rocks, and in certain other special cases. The estimation of 
rubidium and caesium is seldom required. 


Preparation and Solution of Sample 


Procedure for Rocks and Other Insoluble Mineral Products. For silicate 
rocks and other silicious matcruil, bring the alkalies into solution, according to 
the J. T,awrcnce Smith or the hydrofluoric acid method, as direeted on page 416. 
For products which arc dissolved by hydrochloric acid, effect the solution by 
acid digestion, expel tlie excess of acid by evaporation, and remove other 
constituents as directed under Separations. 

Procedure for Soils.' Digest 10 grams of moisture-free soil with 100 cc. of 
hydrochloric acid of a constant boiling-point (sp.gr. 1.115) in a 300-cc. Erlen- 
meyer flask fitted with a ground-glass or rubber stopper and a reflux condenser. 
Digest continuously for ten hours on the steam bath, shaking the flask every 
hour. After settling, decant the s<dution into a porcelain dish. Wash the 
insoluble residue onto a filter with hot water, and continue the washing until 
free from chlorides, adding the washings to the original solution for evaporation. 
Oxidize the organic matter present in the solution with a few droijs of nitric acid 
and evaporate to drym^ss on a water bath. Moisten with hydrochloric acid and 
dissolve in hot water and evaporate a second time to complete dryness and 
until the excess of hydrochloric acid is completely removed. Moisten the cooled 
residue with strong hydrochloric acid and dissolve in hot water. Filter into a 
250-cc. graduated flask, wash free from chloride.s, and dilute to the mark. Use an 
aliquot of 100 cc. for the determination of the alkalies. 

Procedure for Fertilizers,^ Potash salts. Boil 10 grams of the sample 
with 3(W cc. of water for thirty minutes, wash into a 500-cc. graduated flask, 
cool, dilute to the mark, mix and pass through a dry filter. Determine the 
potassium in a 25-cc. aliquot representing 0.5 gnam of the original substance, 
according to cither the modified chloroplatiimte or the Lindo-Gladding method. 

Mixed feHilizers. Boil 10 grams of the sample with 300 cc. of water for thirty 
minutes, and wash into a fiOO-cc. gradu.ated fla.sk. Add to the hot solution a 
sligHt excess of anuuonia and sufficient ammonium oxalate to precipitate all the 
lime, cool, dilute to the mark, mix, and i)ass through a dry filter. Evaporate 


I Chem., Bull. 107 (revised), 14, 1907. 

“ U. iS. Dept. Agri., Bu. Chem. Bull. 107 (revised), 11,1907. 
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SO cc. of the filtrate to dryness and ignite gently to remove ammonium salts. 
Dissolve in water, filter, and determine the potassium according to the modified 
chlorplatinate '■ or the Lindo-Gladding method. 

Organic compounds. When it is desired to determine the total potash in 
organic substances such as cotton.sced meal, tobacco stems, etc., saturate 10 grams 
with strong sulphuric acid, and ignite in a muffle at low red heat to destroy 
organic matter. Add a little strong hydrochloric acid, warm slightly to loosen 
the mass from the dish, dissolve in water, filter, and detennine the potassium 
according to the modified chloroplatinate or the Lindo-Gladding meth'wi. 

If for any reason it is desired to u.se either the chloroplatinate or the perchlorate 
method in the d(!tennination of }K)tassium, interfering substances, including 
sulphates, must first be removed from the solution. 

Procedure for Ashes of Plants. Boil 20 grams of the sample with .30C ec. 
of water for thirty minutes, filter into a 5()0-cc. flask, and wash the residue thor¬ 
oughly with hot water. Cool, dilute to the mark and mix. Take aliquots for 
the determination of the alkalies. The solution may also be prepared by diges¬ 
tion with hydrochloric acid.* This treatment is preferable when all the constit¬ 
uents of the ash are to be determined. 

Procedure for Saline Residues, Soluble Salts, Brines, etc. In the case 
of water-soluble products, the convenic'iice of the analyst usually determines 
the manner of preparing the solution, llsually it is pnrferable to weigh out a 
convenient portion, to make up the solution to d(?finitc volume, and to take an 
aliquot for each determination. As a gcmeral rule, a s.amplc should be taken 
sufficient to give about a half gram of solids. Strong brines should be weighed 
and not measured. 


SEPARATIONS 

Separation of the Alkali Metals from other Constituents 


Separation from the Hydrogen Sulphide and Ammonium Sulphide 
Groups of Metals 

The alkali metals are usually weighed as chlorides or sulphates, and in gen¬ 
eral before undertaking their determination, all other ba.ses and acids must first 
be separated from them. The hydrogen sulphide and the ammonium sulphide 
groups of metals are seldom to be found in solutions in which the determination 
of the alkalies is desired. If these are pnisent, however, they may be readily 
precipitated by means of hydrogen sulphide and ammonium sulphide as detailed 
on pages 168 and 202. 


Separation from Silica 


Acidify the solution with liydrochloric acid and evaporate it in a platinum 
or porcelain dish on the water bath until the odor of hydrochloric acid in the 
dry residue can no longer bo detected. Break up the dry mass with a platinum 
or glass rod, cool, moisten with a minimum amount of concentrated hydrochloric 


‘ If this method is used, it will not bo necessary to remove the ciilcium by addition 
of ammonia and ammonium oxalate. _ . 

• Lunge, “Technical Methods of Analysis," 2, 466, 1911. D. Van Nostrand Co., 
New York. 
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acid, dissolve in a small quantity of water, filter and wash the residue free 
from chlorides. In the presence of much silica, repeat the‘operation. 

Separation from Iron, Aluminum, Chromium, Titanium, Uranium, 
Phosphoric Acid, etc. 

If phosphoric acid is present in amounts insufTicient to combine with all the 
iron, dumina, etc., or is absent altoKcther, heat the solution to boiling, add a few 
drops of nitric acid to oxidize the iron, add gradually an excess of anunonia, 
boil for a minute or so, allow the precipitate to settle, and filter. Wash the pre¬ 
cipitate free from chlorides with hot water. 

If phosphoric acid is present in the solution in excess of that required to 
combine with the iron, alumina, etc., heat the solution to boiling, oxidize with 
nitric acid, add a slight excess of ferric chloride solution, and jirecipitate with 
ammonia as described above. 

_ When the precipitate is considerable, it should be dissolved in hydrochloric 
acid, and the precipitation reix;atcd. 

If chromates are present, these must first be reduced to the chromic salt. For 
this purpose, add 10 to 1,5 cc. of hydrochloric acid and a sm.all amount of alcohol 
to the solution and heat on the water bath or hot plate for a few minutes. Heat 
to boiling and precipitate with ammonia as directed above. The reduction 
may also be done by boiling with sulphurous acid. 

Separation from Sulphates 

Precipitate the sulphate radical as BaSO, by the addition of a slight excess 
of barium chloride to the hot solution as directed on page 497 for the deter¬ 
mination of SO,. Remove the excess of barium chloride by addition of ammonia 
and ammonium carbonate. 

The two ojierations may be (Mnnhined as follows: Add a slight excess of bar¬ 
ium chloride to the hot solution and boil for a few minutes. Then, without 
filtering off the BaSO,, add an excess of ammonia and ammonium carbonate, 
allow the precipitate to settle, filter, and wjish free from ehlorides.* 

Separation from Barium, Calcium and Strontium 

To the not too concentrated solution, add a slight excess of ammonia and 
ammpnium carbonate, heat to boiling, allow the precipitate to settle, filter and 
wash'the residue a few times with hot water. Dis.solve the precipitate, which 
is likely to contain small amounts of the alkalies, in a little dilute hydrochloric 
acid, and repeat the precipitation with ammonia and ammonium carbonate. 
Filter and wash the residue. Evaporate the combined filtrates to dryness in a 
platinum or porcelain dish and ignite cautiously at a very faint red heat to 
remove ammonium salts. Dissolve the residue in a little water, add a few dropis 
of ammonia, ammonium carbonate, and ammonium oxalate, and allow to stand 
for several hours in order to precipitate the last traces of the alkaline earths. 
Filter and wash the residue free from chlorides. 

* This procedure does not give faultless results as some of the potassium is carried 
down with the precipitate and lost. 
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Separation from. Iron, Aluminum, Chrominum, Barium, Calcium, Strontium, 
Phosphates, Sulphates, etc., in One Operation 

To the hot solution add a slight excess of barium chloride and boil for a few 
minutes. Then, without filtering off the BaSO,, add an excess of ammonia and 
aimnonium carbonate, heat to boiling, and allow the precipitate to settle. Filter 
and wash free from chlorides with hot water. After evaporating the filtrate to 
dryness, removing the ammonium salts by ignition, and dissolving the residue 
in a little water, pn^cipitate the last traces of b.arium and calcium by addition of 
a few drops of ammonia, ammonium carbonate, an<l ammonium oxalate. By this 
procedure a small portion of the alkalies is retained by the precipitate and lost. 

Separation from Boric Acid 

Acidify the solution strongly with hydrocdiloric acid and evaporate to dry- 
less. Stir up the residue with 1.5 to 20 cc. of pure methyl alcohol and cau- 
iously evap(.)rate on a water bath at not too high a temperature. Moisten the 
esidue with a drop or two of concentr-atod hydrochloric acid, add 15 cc. of methyl 
Icohol, and again tak(! to dryness. Bepoat the evaisiration with methyl alcohol 
, third time. This .should be ample for the complete removal of half a gram 
f B 2 O,. 

Separation from Magnesium 

Mercuric Oxide Method.' After removing other bases and acids, evap- 
rate the solution of the chlorides to dryne.ss, expel ammonium chloride by 
entle ignition, and dis.solve the residue -except for the small amount of mag- 
e.sium oxide present—by warming with a little water. .Add an exc(!ss of iner- 
uric oxide in the form of a thin paste prepared by shaking up freshly precipi- 
ited mercuric oxide in water. Evaporate the mixture to complete dryness on 
1 C water bath with freipieiit stirring, dry thoroughly and ignite gently at first 
till then more strongly until all the mercuric chloride jiresent has Ix'cn volatilized. 
5e careful not to inhale the fumes.) The whole of the unchanged mercuric oxide 
■ed not be expelled by ignition. Digest the residue, composed of the excess of 
.ercuric oxide, the precipitated magnesium oxide, and the alkali chlorides, with 
small amount of hot water, filter rapidly, and wash with succi’ssive portions 
hot water, first by decantation and then on the filter, but do not prolong the 
xiration unnecessarily. If desired, determine the magnesium in the residue by 
:pelling the mercuric oxide by ignition and weighing the magnesium oxide, 
sidify the filtrate, which contains the alkalies, with hydrochloric acid, evaporate 
dryness, gently ignite, cool and weigh. If the residue contains a small 
nount of magnesium, as it usually does, determine the magnesium in an aliquot 
id apply the necessary correction. The mercuric oxide should be tested for 
Icalies by volatilizing a portion and testing the residue. 

The Barium Hydroxide Method.' Evaporate the solution, which may con- 
in chlorides, sulphates or nitrates, to dryness and gently ignite to remove 
imonium salts. Warm the residue with a small amount of water and treat 
B hot neutral solution so obtained with baryta water until no more precipitate 
formed and barium hydroxide remains in slight excess. Boil, filter and wash 

' Fresenius, “ Quantitative Chemical Analj’sis,” 1, 010, 1908, John Wiley & 80 ns, 
!w A’ork. 
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the precipitate with hot water. If desired, determine the magnesium in the 
residue. Treat the filtrate, which contains the alkalies, barium and a trace 
of magnesium, with an excess of ammonia and aimnonium carbonate to remove 
the barium. Acidify the filtrate with hydrochloric acid and evaporate to dry¬ 
ness, ignite and weigh. This residue will contain a small amount of magnesium 
which may be detcnnimsl in an aliquot and a correction applied. 

Remark, The barium hydroxide method is applicable in the presence of 
lithium. 

The Ammonium Phosphate Method.* To the hot solution, add an excess of 
ammonia and ammonium chloride, and precipitate the magnesium by adding a 
slight excess of ammonium phosphate. Allow the mixture to stand an hour 
or so, filter and wash the residue with 2% ammonia solution. Expel most of the 
free ammonia from the filtrate by evaporation, acidify very slightly with hydro¬ 
chloric acid, and add an excess of ferric chloride solution, which should color 
the solution slightly yellow. Noutralixe the solution with .ammonium carbonate, 
heat to boiling, and filter off the basic ferric jihosphato, washing the residue with 
hot water. EvajKirate the filtrate to dryness, ignite to expel ammonium salts, 
and detenninc the alkalies in the residue. Magnesium may also be separated by 
precipitation as magnesium ammonium arsenate ’ or magnesium ammonium 
carbonate.* 

Separation of the Alkali Metals from One Another 

Separation of Sodium from Potassium 

After weighing the sodium and potassium together as chlorides, dissolve the 
residue in water and precipitate the jMitassium as (^hloroplatinate or perchlorate 
according to one of the methods detailed under Detenninatiou of Potassimn. 

Separation of Lithium from Sodium and Potassium 

Extract the diy chlorides with amyl .alcohol as prescribed under the Gooch 
method, or with alcohol saturated with hydrochloric acid gas as detailed under 
the Rammelsberg method. 

Separation of Lithium and Sodium from Potassium, Rubidium, and Caesium 

Precipitate the (mtassium, rubidium, and caesium as ehloroplatinatcs as 
described under the chloroplatinate method for the estimation of potassium. 
Evaporate the filtrate to dryness and ignite gently with a little oxalic acid to 
reduce the platinum, or else dissolve the residue in water and pass a current of 
hydrogen through the hot solution to reduce the platinum. In any case, filter 
off the reduced platinum and determine lithium and sodium in the filtrate. 

* Frescnhis, op. cit. 

’ Browning and Drushel, Am. J. Sci. (4), 23, 293, 1907. 
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METHODS FOR DETERMINATION OF SODIUM 
Determination as Sodium Chloride 

Sodium is commonly weighed iis NaCl when it is already present as such or 
after conversion of other forms into the chloride. In the case of salts of volatile 
acids, such as nitrates for instance, the transformation is made by evaporating 
the solution to dryness with hydrochloric acid rep(!atcdly or until only the chloride 
remains. When the sodium is present as a salt of a non-volatile acid, the latter 
is removed and the transformation effected according to the methods under 
Separations. 

Usually the solution in which sodium chloride is to be determined will con¬ 
tain ammonium salts from some previous operation. In such casijs, j)roceed as 
follows; Evaporate the sodium chloride solution, which must contain no other 
non-volatile substance, in a platinum dish to comphffe dryncjss on the water bath. 
Cover the dish with a watch-glass, and cautiously dry the residue in an air bath 
at 110 to 130° C. Make sure that no loss of sodium chloride is sustained by 
decrepitation during drying and subseciueut ignition. Heat the dish and contents 
over a free flame held in the hand and moved back and forth uml(;r the dish in 
order to remove ammonium siilts. But to avoid loss of sodium chloride by 
volatilization, take care not to heat the dish to n.ore than a faint redness in any 
one spot and not to rais(! the temperature of the salt above incipient fusion. 'Cool 
the residue, dissolve it in a little water, and filter from the carbonaceous matter 
into a weighed platinum dish. Acidify the filtrate with hydrochloric acid aiid 
evaporate it to dryness on tin; wjiter bath. Dry the nwiduo at 1(K) to 1.10° (/. in 
an air bath, ignite cautiously over a free flame, takitig the precautions mentioned 
above to prevent loss of sodium chlorides, cool in a de.si(scalor, and weigh. 

Determination as Sodium Sulphate 

Sodium is often determimid by weighing as NajSOi when it is pre.sent as such 
or after conversion of other forms into the sulphate. In the case of salts of vola¬ 
tile acids, the change into the sulphate is made by sirniily evaiM)rating tlie solu¬ 
tion with a slight excess of sulphuric acid. With salts of non-vt)latilc acids, the 
transformation is effected according t<j the methods uiulcr Separations. When 
the sodium is present as an organic .salt, the substance is inoistemsl with con¬ 
centrated sulphuric acid and carefully heated over a free flame until fumes cease 
to come off. The residue is dissolved in water and filtensl from the carbonaceous 

matter. .in* 

As a rule the solution in which sodium sulphate is to bn detennmeu will con¬ 
tain an excess of sulphuric acid. In such cases, evapiiratc the .solution to dryness 
in a weighed platinum dish, and cautiously ignite the dry residue until fumes 
cease to come off. Cool, add a lump of ammonium carbonate to the contents of 
the dish, and ignite a second time at dull red heat until no more fumes are pven 
off. Cool in a desiccator and weigh as Na-iSOi. Repeat the ifpiition with the 
addition of ammonium carbonate until a constant weight is obtained. 

In case an excess of sulphuric acid is not present, evaporate the solution to 
dryness in a weighed platinum dish, ignite, cool in a desiccator and weigh as 
Na,SO«. 
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Determination t>y Difference 

Ordinarily sodium and potassium are weighed together as chlorides or sul¬ 
phates as detailed above for sodium. Potassium is then determined by one of 
the methods given below, and the value for sodium obtained by differenee. 


METHODS FOR DETERMINATION OF POTASSIUM 
Determination as Potassium Chloride or Potassium Sulphate 

Potassium may be weiglied as chloride or sulphate. The procedure is the same 
as that described for sodium. Observe, however, that the potassium salts are a 
little more volatile than the corresponding sodium salts, so that greater care 
must be taken not to lo.se potns.sium by volatilization. 

The Chloropiatinate Method 

Application. This method is applicable in the i)respnce of the chlorides of 
sodium, lithium, inagnesiutn, calcium, and strontium. 

Principle. Pota.ssium chloropiatinate is practically insoluble in strong alcohol 
while the other chloroplatinates are readily soluble. 

Procedure. Treat the aqueous solution of the alkali chlorides contained 
in a small porcelain dish with slightly more than enough chloroplatinic acid to 
convert all the chlorides present into the corresponding chloroplatinates. The 
chloroplatinic acid solution should contain the equivalent of 1 gram of platinum 
in each 10 cc.* Evaporate the solution on the steam bath to a syrupy consistency, 
i.e., until solidification occurs on cooling. Flood the cooled re.sidue with a small 
quantity of alcohol of at least 80% strength, grind thoroughly with a pestle made 
by enlarging the end of a glass rod, and allow to stand one-half hour. Pour the 
liquid through a previously weighed (looch crucible containing an asbestos mat, 
and before adding more alcohol, rub up the rt'sidue again with the glass pestle. 
Now continue the washing by decantation with small portions of alcohol until 
the wash liquid becomes colorless. Transfer the precipitate to the crucible and 
wash two or three times with alcohol. Dry at 1.30® (1., cool in a desiccator, and 
weigh. Repeat the drying until a constant weight is obtained. Multiply the 
weight of KjPtCl* by 0.161 to obtain the weight of K; by 0.194 to obtain KjO; 
and by 0..307 to obtain KOI. 

Remarks. This method is con-sidered to be the most accurate known for 
the estimation of potassium. Care should bo taken not to conduct the evapora¬ 
tion at too high a temperature nor let it go too far, as this may cause the fonr.a- 
tion of anhydrous sodium chloropiatinate, which dissolves slowly in alcohol. 
Too large a volume of alcohol for washing should be avoided, as KjPtCU is 
slightly soluble in alcohol, especially that of 80%. For this reason 95% alcohol 
is preferable for the wa.shing. 

Instead of using a Gooch crucible, the precipitate may be filtered on paper, 
dried, washed through the filter with hot water into a weighed platinum dish, 
evaporated to dryness, and heated at 1.30° C. to constant weight. 

• For methods of preparing chloroplatinic acid from scrap platinum and from plati¬ 
num residues, see Precht, Z. Anal. Chem., 18, 609, 1879; Vogel and Haefcke, Landw. 
Vers. Sta., 47, 134, 1896. 
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The Modified Chloroplatinate Method > 

Application. Tho^ method is applicable in the presence of chlorides, sul¬ 
phates, phosphates, nitmtes, carbonates, borates and silicates, salts of sodium, 
barium, calcium, strontium, magnesium, iron and alumina, and is especially 
suited for the estimation of potassium in salines, ]xitassium salts, and fertilizers 
in which only the potassium is desired. 

Principle. On evaporating a solution containing potassium with a slight 
excess of chloroplatiuic acid, the potassium is completely transformed into 
pota.ssium chloroplatinate which is insoluble in strong alcohol, while any of the 
other chloroplatinates which nuiy be fonned arc either dissolved or decomposed by 
alcohol, so that the excess of chloroplatiuic acid may be r(‘.adily mnoved. After 
di.ssolving the KjPtCle along with any other soluble salts contained in the residue 
in hot water, the platinum is precipitated from the solution by magnesium, and 
from the weight of platinum so obtained, the amount of potassium present is 
calculated. 

Procedure. To the solution slightly a(udified with hydrochloric acid, add 
chloroplatiuic acid solution slightly in excess of that necn.s.sary for the complete 
precipitation of the jjotassium present and evaporate the solution on the steam 
bath to a syrupy consistency, i.e., until solidification occurs on cooling. Flood 
the cooled residue with a small quantity of alcohol of at least 80% stnmgth, grind 
thoroughly with a pestle made by enlarging the end of a glass rod, and allow to 
stand one-half hour. The alcoholic solution should be colored if an excess of 
chloroplatinic acid has been u.scd. Pour the liquid through a small filter, using 
suction if desired, and before adding more alcohol, rub up the residue again with the 
pestle. Now continue the washing by decantation with small portions of alcohol 
until the wash lujuid becomes colorle.ss. Three or four washings usually suffice. 
Transfer the precipitate to the filter and wash two or three times with alcohol. 

Dis.solve the precipitate of KjPtCle along with any other soluble salts present 
in hot water, washing it through the filter into a beaker of convenient size. To 
the hot solution add about 4 cc. of concentrated HCl and approximately 0.6 
gram magnesium ribbon pressed into the form of a ball for every 0.2 gram potas¬ 
sium present, stirring the solution and holding the magnesium at the bottom of 
the beaker by means of a glass rod. A lump of stick magnesium weighing about 
0.4 gram is preferable to the ribbon. When the action has practically ceased, 
add a few cc. of hydrochloric acid and allow the fluocculcnt platinum to settle, 
preferably by allowing the beaker to .set for an hour on the hot plate. The 
supernatant liquid should be perfectly clear and limpid like water if reductiwn is 
complete. To make sure, add more magnesium, in which case the solution will 
darken if reduction be incomplete. To the completely reduced solution, add 
concentrated hydrochloric acid, and boil to dissolve any basic salts, filter on 
paper or a Gooch, wash thoroughly with hot water, ignite in platinum or porce¬ 
lain and weigh. Pt X .4006= K or X .4826=KjO. 

Remarks. If the solution contains very large amounts of iron, alumina, 
or silica, it is perferable to remove the greater part of these before proceeding to 
the determination of potassium. Care should be taken to insure the complete 
removal of the soluble chloroplatinates from the residue without the use of an 

' Hicks, J. Ind. Eng. Chem., 5, 650, 1913. 
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excessive amount of alcohol, and also that the subsequent reduction of the potas¬ 
sium chloroplatinate with magnesium be complete. 

Lindo-Qladding Method ‘ 

Application. This method is applicable in the pre.scncc of chlorides, sul¬ 
phates, and phosphates of the alkalies and magnesium. 

Principle. The pota.s.sium is precipitated as KjPtCh, and the soluble chloro- 
platinatcs removed by washing with 80% alcohol. 'I'he impurities in the precip¬ 
itate are then washed out by a strong solution of ammonium chloride saturated 
with KjPtCU, and the wash solution is removed by again washing with alcohol. 
The purified KjPtCU is finally dried and weighed. 

Procedure. To the solution, slightly acidified with hydrochloric acid, add 
an excess of chloroplatinic acid solution, and evaporate on the water bath to a thick 
paste. Treat the residue with 80% alcohol, avoiding the absorption of ammonia. 
Wash the precipitate thoroughly with 80% alcohol both by decantation and on 
the filter, continuing the washing after the filtrate is colorless. Wash finally 
with 10 cc. of anunonium chloride solution prepared as follows: Dissolve 100 
grams of pure ammonium chloride in .500 cc. of water, add from .5 to 10 grams of 
potassium chloroplatinate, and sh.ikc at intervals of six to eight hours. Allow 
the mixture to settle over night and filter. Repeat the washing with successive 
portions of the anunoniuni chloruht solution five or six times in order to remove 
the impurities from the precipitate. Wash again thoroughly with 80% alcohol, 
dry for thirty minutes at 100° (1 and weigh as KaPtf^t. The precipitate should 
be perfectly soluble in water. Multiply tlie weight of K-jPtClj by 0.161 to obtain 
the weight of K; by 0.104 to obtain KjO; and by 0.307 to obtain KCl. 

The Perchlorate Method ^ 

Application. This method is applicable in the presence of chlorides and 
nitrates of barium, calcium, magnesimn and the alkali metals, and also in the 
presence of phosphates. Sulphates should not be present. 

Principle. The separation depends on the insolid)ility of potassium perchlor¬ 
ate, and the solubility of sodium and other perchlorates in 07% aclohol. 

Procedure. To the neutral or slightly acidified solution, add twice as much 
perchloric acid ns is required to convert all the bases present into perchlorates 
and evaporate on the water bath with stirring to a syrupy consistency. Add a 
little hot water and continue the evaporation with constant stirring until all the 
hydrochloric acid is expelled and heavy fumes of perchloric acid are given off. 
Avoid excessive loss of perchloric acid. Stir up the cooled mass thoroughly 
with 20 cc. of 97% alcohol to which 0.2% perchloric acid has been added, but 
avoid breaking up the potassium perchlorate crystals too finely or else they 
may pass through the filter. Allow the nuxture to settle, and decant the 
alcohol off through a Gooch crucible. Repeat the washing once by decantation 
and then warm to remove the alcohol. Dissolve the residue in hot water, add 
about a half gram of perchloric acid and evaporate again until fumes of per¬ 
chloric acid are given off. Wash the residue once by decantation and then 
several times on the filter. Remove the adhering wash-liquid by washing with 
pure 97% alcohol, dry at 130° C., and weigh. Multiply the weight of KCt 04 
by 0.2825 to obtain the weight of K; by 0.3402 to obtain KjO, 

‘ U. S. Dmt. Agri., Bu. Chem. Bull. 107 (revised), 11, 1907. 

• Wense, Zeit. Angew. Chem., 691,1891; 233,1892. Caspari, Zeit. Angew, Chem., 
68, 1893. 
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Other Methods 

Among the more important of other methods which have been proposed 
and used for the determination of potassium, may be mentioned the cobaltinitrite 
method,' which has been studied by the Association of Official Agricultural Chem¬ 
ists and considered to be unreliable; * the bitartrate method; • the colorimetric 
method; ‘ and the spectroscopic method.* 

Determination of Sodiuni and Potassium by Indirect Method 

After removing all other constituents, weigh the sodium and i>otassium as chlor¬ 
ides. Dissolve the weighed residue in water and determine the chlorine gravi- 
metrically by precipitation as AgCl or volumetrically by titration with standard 
silver nitrate (potassium chromate indicator). From the weight of the combined 
siUts and the weight of the chlorine, calculate the amount of sodium and potas¬ 
sium as follows: 

Let X ^weight of NaCl-hKCf 

y “Weight of Cl. 

Then Na“3.004y — 

K=2.42«a:-4.(KMy. 

The method is satisfactory when sodium and potassium are present in about 
equal quantities. 

Determination of Magnesium, Sodium and Potassium in the 
Presence of One Another 

In the usual course of analysis, magnesium, sodium and jwtassium are sepa¬ 
rated as chloride.s from all other constituents. lastead of going through the 
tedious process of separating the magnesiunt from the alkalies, the magnesium, 
.sodium, atid potassium may be accurately determined in the presence of each 
other as follows; 

Treat the solution containing these constituents with slightly more than 
enough sulphuric acid to convert all three bases into sulphates, evaporate it to 
dryness on the water bath, and ignite gently at first and then at dull red heat to 
break up bisulphates and expel the excess of sulphuric acid. To hasten the 
decomposition of the bisulphates, cool, add a lump of ammonium carbonate, 
and heat a second time. Cool in a desiccator and weigh. Ilepcat the heating 
with the addition of ammonium carbonate until a constant weight is obtaiijed. 
Dissolve the residue in water and dilute to definite volume. Determine the 
potaasium in one portion according to one of the methods described above, and 
the magnesium in a second portion as described on page 293. Deduct the 
weight of magnesium and potassium sulphates from the weight of the combined 
sulphates to obtain the amount of sodium sulphate. 

' Addie and Wood, J. Chem. Soc., 77, 1076, 1900; Drushel, Am. J. Sci. (4), 84, 
433,1907; 26, 329, 655, 1908; Bowser, J. Am. Chem. Soo., 83, 1752, 1911. 

«U. S. Dept. Agri. Bu., Chem., Bull. 132, 137, 152, 159. 

•Bayer, Chem. Zeit., 17.686,1893. 

•Cameron and Failyer, J. Am. Chem. Soc., 86, 1063, 1903; Hill, J. Am. Chem.Soc., 
86 , 990, 1903. 

•Gooch and Hart, Am. J. Sci. (3). 24, 448, 1891. 

34 
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METHODS FOR DETERMINATION OF LITHIUM 
Determination as Lithium Chloride 

Lithium may be weighed as LiCI. The procedure is practically the same 
as that described for sodium, but since lithium chloride is very hygroscopic, this 
salt must be weighed out of contact with the air. For this purpo.se the lithium 
chloride is ignited in a platinum crucible, cooled in desiccator, and the crucible 
and contents weighed in a glass-stoppered weighing bottle. 

Determination as Lithium Sulphate 

Lithium is weighed preferably as LiiSO,. The procedure is the same as that 
described for sodium, but since lithium bisulplmte is easily broken up on heating, 
it is not neces.sary to ignite with ammonium carbonate. 

The Qooch Method • 

Principle. Lithium chloride is readily soluble in amyl alcohol, while sodium 
and potassium chlorides are not. 

Procedure. Concentrate the solution as far as possible by evaporation, 
transfer it to a 50-cc. Erlcnmeycr flask, add a small amount of amyl alcohol and 
heat cautiously on an asbestos plate until the water has been expelled and the boil¬ 
ing-point of the solution rises to about that of pure amyl alcohol (132° C.). 
To prevent bumping during this treatment, pass a current of dry air through the 
solution. When all the water has Iwcn removed, the sodium and potassium 
chlorides, together with some LiOH will separate from the solution. Decant the 
solution through a filter and wash the rc.sidue .several times with hot amyl 
alcohol. Moisten the residue with dilute hydrochloric acid, dis.solve in a little 
water and repeat the extraction with amyl alcohol. If much lithium chloride 
is present, it will be necessary to repeat the extraction with amyl alcohol three or 
four times.. Evaporate the combined filtrates and washings to dryness and dis¬ 
solve in a little dilute sulphurie acid. Filter from the earbonaceous matter into 
a weighed platinum dish, evaporate to dryness, and remove the excess of sulphuric 
acid by gentle heating. Ignite the residue at dull redness, cool in a desiccator, 
and weigh os LiiSOi. 

. Remarks. For very accurate work, account must be taken of the fact that 
the lithium sulphate obtained according to the procedure just described always 
contains small amounts of potassium and sodium sulphates, if these metals 
were originally present. To correct for this, deduct 0.00041 gram for every 10 cc. 
of the filtrate exclusive of the washings in ease only sodium chloride was present, 
or 0.00051 if only potassium chloride was present, and 0.00092 if both sodium and 
potassium chlorides were present. 

* Ptoc. Am. Acad. Arts. Sci., 22 (N. S. 14), 177, 1886. 
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The Rammelsberg Method > 

Principle. Anhydrous lithium chloride is soluble in equal parts of alcohol 
and ether which have been saturated with hydrochloric acid gas, while tlie 
chlorides of sodium and potassium are practically insoluble in this mixture. 

Procedure. Kvajwrate the solution of the chlorides to dryness in a small 
flask provided with a two-hole stopper. During the evapoRition, pass a eurrent 
of dry air through the flask. Place the fl.ask containing the dry residue in an oil 
or air bath and heat for half an hour at 140 to 150° C., during which time pass 
■dry hydrochloric acid gas through the flask. Cool in a cairrent of hydrochloric 
acid gas, treat the residue with a few cc. of ab.solutc alcohol which has been satu¬ 
rated with hydrochloric acid gas, and add an eijual volume of ab.solute ether. 
Close the flask tightly and allow it to stand with frequent shaking for twelve; 
hours. Pour the solution through a filter, wet with the alcohol-ether mixture and 
wash the residue three times by decantation with the alcohol-ether mixture. 
Add a few more cc, of the alcohol-ether saturated with hydrochloric acid gtus 
to the contents of the fla.sk and allow to stjind again for twelve hours. Pour the 
li<)uid through a filter, and wash the residue liy decantation with the al(!ohol- 
ethcr mixture until the residue tested in the spoctrosco)K: shows the complete 
alxsencc of lithium, ('arefully evajxjrat;; tin; combined alcoliol-ether (;xtract to 
dryne.ss on a lukewann water bath. Dissolv<; the residue in sufficient dilute 
sulphuric a(;id to convert all the lithium into the sulphate, transfer the solution 
to a weighed platinum dish, evainirate to dryness on the water bath, and finally 
ignite gently. Cool the residue in a desiccator and weigh as lithium sulphate. 

Note. Lithium may also lie prccqiitated and weighed as LUPO,,* or it raivy bo pre¬ 
cipitated as LiK’ and then changed into the suli>hate and weighisl. 

Spectroscopic Method * 

Dissolve the lithium salt containing .small antouuts of .sodium and potjvssium 
resulting from the separation by the (iooch or Hammelsberg methods in 5 or 10 cc. 
of water, depending on the amount of lithium present. (Jradually add iiieasured 
amounts of this solution to a knowti volume; of water—testing the solution from 

time to time in the s|»ctrosc,ope.until the lithium line appears. When oidy 

traces of lithium are present, it is better to dissolve tlu; lithium salt in a little 
water and dilute to the vanishing jx)int of the litliium line. Make the spectro¬ 
scopic examination as follows; Prepare a loop by winding a platinum wire four 
times around a No. 10 wire. Plunge the loop into tin; .solution, and remove 
with the axis parallel to the surface of the water. ICvafiorate the drop to.dry- 
ness carefully, ignite in the Bunsen flame;, and observe through a good .spectro¬ 
scope. 

Before undertaking the determination, standardize the instrument and plati¬ 
num loop by carrying out the determination with known amounts of lithium. 

The method gives satisfactory results when only an approximation is desired. 
For weighable amounts of lithium, the Gooch method is preferable. 

•Treadwell, "Analytical Chemistry,” 2, 55,1911. John Wiley & Sons, N. Y. 

•Mayer, Ann. Chom. Pharm., 08, 193, 1M6. Merling, 3 Anal. Chem., 18, 563, 
1879. 

• Carnot, 3 Anal. Chem., 29, 332, 1890. 

‘ Skinner and Collins, U. 8. Dept. Agri. Bu. Chem., Bull. 153. A good bildiography 
is included in this bulletin. 
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Determination of Sodium, Potassium, and Lithium in the Pres* 
ence of One Another 

Weigh the combined bases as sulphates, observing the precautions detailed 
under Determination of Sodium, dissolve in water and dilute to definite vol¬ 
ume. In one portion determine the potassium and in a second portion determine 
the lithium by the Gooch or Kammelsbcrg method. Obtain the value for the 
sodium by difference. 

Determination of the Aikalies in Silicates 
J. Lawrence Smith method ‘ 

Principle. By heating the substance with 1 part ammonium chloride and 
8 parts calcium carbonate, and leaching the sintered mass with water, the alka¬ 
lies are obtained in solution in the form of chlorides along with some calcium, 
while the remaining metals are for the most part left behind as insoluble oxides, 
and the silica is changed to calcium silicate. 

Procedure. Triturate 0.5 gram of the finely powdered mineral with an equal 
quantity of pure ammonium chloride in an agate mortar, add 3 grams of pre¬ 
cipitated calcium carbonate * and mix intimately with the former. Transfer the 
mixture to a platinum crucible (pref- 
erably the J. Lawrence Smith alkali 
crucible), rinse the mortar with 1 
gram of calcium carbonate and add 
to the contents of the crucible. 

Place the covered crucible in a 
slightly inclined position with the 
top protected from the heat of the 
flame This can be done by setting 
the crucible in a hole in a cylinder 
of fire clay, as shown in Fig. 56. 

Gradually heat the crucible over a 
small flame until no more ammonia 
is evolved, but avoid heating suffi¬ 
ciently to cause the evolution of 
ammonium chloride. This should 
require about fifteen minutes. Then 
raise‘ the temperature until finally 
the lower three-fourths (and no 
more) of the crucible is brought to 
a red heat, and maintain this tem¬ 
perature for one hour. Allow the crucible to cool and remove the sintered cake 
by gently tapping the inverted crucible. Should this not be possible, digest 
the mass a few minutes with water to soften the cake, and then wash it into 
a large porcelain or platinum dish. Heat the covered dish with 50 to 76 cc. 
of water for half an hour, reduce the large particles to a fine powder by rubbing 

‘ Am. J. Sci. (3), 1,269,1871; Hillebrand, U. S. Geol. Survey Bull. 422,171,1910. 

* Blank deteiminadons should be run on the calcium carbonate, and corrections 
made for its alkali content. 
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with a pestle in the dish, and decant the clear solution through a filter. 
Wash the residue four times by decantation, transfer it to a filter, and wash 
with hot water until a few cc. of the washings give only a slight turbidity with 
silver nitrate. To make sure the decomposition of the mineral has been com¬ 
plete, treat the residue with hydrochloric acid. No trace of undecomposed min¬ 
eral should remain undissolved. 

The aqueous extract obtained in the above operation contains the chlorides 
of calcium and the alkalies. To remove the calcium, treat the solution with 
ammonia and anmionium carbonate, heat to boiling, filter and wash the residue. 
As this precipitate invariably retains some alkali salts, it should be dissolved in 
hydrochloric acid and the precipitation repeated. Evaporate the filtrate to dry¬ 
ness in a platinum or jwrcelain dish, and expel the ammonium salts by gentle 
ignition over a moving flame. After cooling, dissolve the residue in a little 
water, and add a few drops of ammonia and ammonium oxalate to remove the 
last trace of calcium. After standing several hours, filter off the calcium oxalate, 
receive the filtrate in a weighed platinum dish, evaporate to dryness and ignite 
gently to remove ammonium salts. Moisten the cooled mass with hydrochloric 
acid to transform any carbonate into chloride, and again evaporate to dryness 
and ignite. Cool in a desiccator and weigh the combined (ihloridcs. Dissolve 
in water, and if an insoluble residue remains, filter off, weigh and deduct from 
the weight of the chlorides. Determine the potassium by one of the methods 
already described, and obtain the value for sodium by difference. 

The Hydrofluoric Acid Method 

Procedure. Weigh out a half-gram sample of the finely powdered mineral, 
place in a small platinum dish or a large platinum crucible, moisten with a few 
drops of water, and add about 10 cubic centimeters of hydrofluoric acid and 
about 2 cubic centimeters of dilute sulphuric acid. Hold the dish with the 
tongs and heat it and its contents cautiously over the free flame for a few 
minutes. Evaporate the solution on the steam bath to complete dryness, and 
during this evaporation agitate the .solution occasionally by giving the dish a 
gyratory motion with the tongs. This treatment is nearly always sufficient 
to decompose the mineral, but if decomposition .seems incomplete add more 
hydrofluoric acid and evaporate a second time, agitating the mixture frequently. 
With refractory silicates it may be desirable to digest the mineral with the 
acid mixture in a covered crucible for an hour or so. Heat the dish and its 
contents on a radiator' to expell the excess of hydrofluoric and sulphuric acids. 
Cover the residue with dilute hydrochloric acid and digest on a steam.bath 
until solution is complete, adding more water and acid if neccs.sary. Flakes 
of organic matter which remain undissolved may be neglected. Remove the 
iron, alumina, calcium, etc., by the methods described under “Separations.” 
Finally weigh the magnesium, sodium, and potassium as sulphates as described 
on page 413 and determine the potassium according to the modified chloro- 
platinate or Lindo-Gladding method. An alternative procedure is to remove 
sulphates and magnesium also as described under “ Separations,” weigh the 
alkalies as chlorides, and determine the potash by any of the methods already 
described. It should be noted however that potash is carried down with 
barium sulphate, and the loss thus occasioned may be appreciable. 

' Hillebrand, W. F., U. S. Geol. Survey Bull. 422, p. 31, 1910 (reprinted, 1910). 
A large porcelain crucible serves well as a radiator for this pui^xise. 
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Test for Hydroxide. A small amount of the material dissolved in COj free 
water is treated with an excess of BaCL solution and filtered. Phenolphthalein 
added to the filtrate will produce the characteristic red color if an alkali hydrox¬ 
ide is present in the sample. 

Sodium Chloride, Table Salt 

U. S. Standard Specifications. Table salt must contain not over 


Barium chloride.0.05% 

Calcium and magnesium chlorides.0.5% 

Calcium sulphate.1.4% 

Water insoluble matter.0.1% 


In addition to these imiturities, salt frequently contains combined FejOa, 
AljO,, KaO, PaOj, CO2. 

Outline of Method for Examination 

Moisture. A 10 gram sample is dried to constant weight at 100° C. and 
the loss of weight noted. 

Insolubles in Water. A fifty gram sample is dissolved in 200 cc. of water 
and filtered on a weighed, dry filter paper. The residue is washed five times 
with small portions of water and then dried at 100° C. for an hour. The 
increased weight = water insolubles. It is advisable to run side by side a 
second filter, which is washed and also dried in the same way, the paper being 
used as a tare weight. 

The filtrate from the insoluble matter is diluted to exactly 500 cc. in a 
volumetric flask anti used for the following tests. 

Sulphur Trioxide. 100 cc. of the above solution equivalent to 10 grams 
of sample is examined for 8O3 by addition of BaCL sol. and the BaSO, filtered 
off and weighed. 

Barium. If SO., is present above, Ba will not be found in the .solution. 
If SOj is absent, test for Ba by addition of HjSO, to 100 cc. of the solution, 
by the standard procedure. BaSOt X 0.8923 = BaCl,. 

Lime. After removal of FosOa and AI2O3 by addition of NH^OH (100 cc. 
solution) CaO is determined by precipitation as oxalate by regular method. 

Magnesia. MgO is determined in the filtrate from CaO by concentrating 
this and precipitating phosphate salt as usual. 

.PiOb. This is determined by precipitation as ammonium phosphomolyb- 
date according to the standard procedure. (NH 4 ) 2 HPOb. 12 Mo 03 X .038 
- P 2 O.. 

FeaOa and AI3O3. Determined on a 10-gram sample. See page 69. If 
FeaOs alone is desired determine oolorimetrically. (See page 258.) 

Alkalies in Alunite. The ore is mixed with pure silica and is run by the 
J. L. Smith method. 

Alkalies Volumetric Determination. See chapter in Vol. 2. 







RADIUM 

Ra, at.wt.225.9S;m.p. about 700 degrees C.; half period 1580 yr.; chloride 

RaClt. 

In 1895 Roentgen discovered X-rays. In the following year Becquerel, 
while studying the phosphorescent properties of some potassium uranium 
salt which he had prepared about fifteen years before, noticed that it was 
capable of producing an effect on a photographic plate without exposure to 
light. The plate was wrapped in several thicknesses of block pajwr, being 
perfectly opaque to ordinary light, and then placed with the uranium salt in 
a dark chamber. Pictures of coins and other articles were made in this way. 
These effects were found to be due to radiations from the disintegration 
products of ordinary uranium. Uranium decomposes in succession into the 
following products: Uranium Xi, Uranium Xj, Uranium II, Ionium, Radium, 
Emanation, Radium A, Radium B, Radium C, Radium D, Radium E, Radium 
F (polonium). Radium G (lead). There are about thirty-five members in the 
three radioactive families—uranium, thorium, and actinium. Uranium and 
thorium are the only ordinary elements that arc strongly radioactive. Potas¬ 
sium and rubidium give off some beta radiation. The actinium series seems to 
be a side chain of the uranium family. 

The Curies discovered radium in 1898. It is the most important of the 
radioactive elements. 

Kinds of Radiation. Three kinds of radiation are emitted by the various 
radioactive substances: alpha (a) particles, beta iff) particles, and gamma (y) 
rays. Rutherford showed that the alpha particles are doubly positively 
charged helium atoms. They have an initial velocity of from 1/20 to 1/15 
that of light. The beta praticles are singly charged atoms of negative elec¬ 
tricity, commonly known as electrons. They have an initial velocity from 
some substances approaching that of light. The gamma rays are very short 
waves in ether, and therefore have the general properties of light. They 
resemble X-rays but are much shorter than any X-rays that have yet been 
produced. They also have a much higher penetrating power. On account 
of the very high electrical effects of these radiations and also on account of the 
extremely small quantities of some of the radioactive substances it is necessary 
to depend for their detection and determination on the electroscope. The 
rays ionize the air and this discharges the electroscope. 

The Lind instruments, made by the Sachs-Lawlor Company of Denver, 
Colorado, and distributed by the Denver Fire Clay Company of Denver, 
are very satisfactory for radium determinations. These instruments may 
be obtained from any laboratory supply house. Methods for the deter¬ 
mination of radium are found in the second volume. 


Chapter contributed by L. D. Roberts. 
419 
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Detection 

Radium discharges the electroscope of the alpha ray instrument. However, 
other radioactive elements do also. There are only three elements that give a 
gas called emanation us a product. These elements are actinium, radium and 
thorium. They can all be distinguished by collecting the gas and observing 
its rate of decay. The time required for one half of the gas to decay is known 
as the half-period. The half-period of actinium einanatiomis 3.9 sec., radium 
emanation 3.85 days, thorium emanation 54 .sec. In preparing samples for 
the alpha ray test they should be ground to about the same mesh. If the 
sample causes the leaf to move faster than it moves when the chamber is empty, 
the specimen is radioactive. The time is taken with a stop-watch. 



, .. 

Fig. 560. 


Estimation 

Radium is determined by the following methods: I, Alpha Ray; II, Emana- 
tioli; III, Gamma Ray. The determination with the alpha ray instrument is 
only approximate and depends on having the samples in the same physical 
condition as much as possible. The discharge of the leaf is influenced by the 
fineness of the sample. Also the compound that the element is found in 
makes a difference. The emanating power of radium chloride is greater than 
that of radium sulfate, or oxalate. This method is used in the mining camps 
because it is simple and requires very little equipment. The emanation 
method is more accurate and is usually used at the plant and laboratory. The 
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gamma ray method is used when the sample cannot be removed from its con¬ 
tainer, and also for very high grade material. Tubes of emanation prepared 
for therapeutic use are determined in this way. 

The Alpha Ray Method 

The alpha ray instrument consists of an electroscope head A (Fig. 56o) and 
the chamber B. Head A contains an aluminum or gold leaf attached to a 
metal rod and a reading telescope so placed as to read the deflection of the leaf 
when charged. B is the chamber to receive the sample. A spring from the 
metal rod in A connects this with a rod which extends into B. On the end of 
the latter is placed a disk. The rays discharge the leaf thnjugh this disk and 
rod. The rod in the chamber is insulated from the ca.se with amberoid, made 
by subjecting amber powder to great pre.ssure. A is charged by means of a 
battery, or an ebonite rod can be used. The battery is made by connecting 
seventy-five to a hundred French cells (or Eveready Tungsten No. 703) of 
about five volts each in scries. It is best to ground the negative end and 
connect A by a floating wire to the positive pole of the coll which will give the 
desired deflection of the leaf. The case of the chamber is connected to the 
ground wire. A tube of distilled water is placed in the circuit to prevent the 
shorting of the batteries. Care should be taken not to charge the leaf enough 
to throw it against the case. The “natural Leak” is found by taking the time 
for the leaf to move over forty divisions, and calculating the divisions per 
second. Le.sa than forty divisions may be taken if the time for forty divisions 
is quite long. If the leaf moves at the same rate over the whole scale, any 
part may be taken. The sample is placed in the plate for solids, and this is 
made exactly level full. The plate containing the .sample is placed in a pan 
to protect the instrument from receiving active matter. The pan with its 
contents is now placed in the chamber B. As the charged leaf passes 8 (or 
some other chosen starting place) the stop watch is started. The watch is 
stopped at 4. The rate of discharge is calculated in divisions fMjr second, and 
the natural leak is subtracted. A standard is run in exactly the same way. 
Since the rate of discharge is directly proportional to the amount of radium 
present, the amount of radium in the sample may be found by comparing its 
rate of discharge with that of the standard. This method gives approximate 
results. If the samples are of the same general character, the results may be 
in very good agreement, checking those obtained by the emanation method 
very closely. 

Emanation Method 

I. Carbonate Fusion. About 2 grams of a mixture of sodium and .potas¬ 
sium carbonates are placed in a platinum boat about 2 in. long, ^ in. wide and 

- 

Fio. 566. 

4 in. deep. Larger boats may bo used for low gra<le samples where large 
amounts are taken for analysis. From 0.06 to 1 gram of the sample should be 
weighed in the boat. The boat is now filled level full of the fusion mixture. 
The fusion is made over flame, or better, in an electric furnace at about 1000° C. 
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The boat should be put in the furnace while the furnace is cool. This will 
allow the fusion to dry and melt slowly, thus tending to prevent “boiling” 
over. The analyst will learn by practice how fast to heat up the furnace. 
When thoroughly fused and while still at the highest temperature, suddenly 
chill the fusion by dipping the boat in water, being careful not to allow water 
to run into the boat and wet the fusion. This chilling causes the mass to draw 
away from the boat and in the acid treatment slip out of the boat. The mass 



is also made more porous so that the acid attacks it much better. If very 
little silica is present, the chilling is not necessary. However, it does no harm. 
The boat with the fusion is sealed in a glass tube as shown in Fig. 566. The tube 
should be no larger than necessary. A number of tubes should be prepared 
n advance by having one end sealed. After standing from one to five or more 
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days (this time depends on the amount of radium present and on the time 
the result is demanded, the fourth day is usually about right; this gives a 
little more than a 50 per cent, recovery of the emanation), the emanation 
surrounding the boat is drawn into an evacuated chamber. The chamber 
may be evacuated by means of an aspirator on the water faucet or by a pump. 
To draw the emanation from the tube to the evacuated chamber a rubber tube 







Fici. 56d. 


is placed on one end of the sealed tube and connected to the chambei' with 
a capillary tube intervening to prevent broken glass from being drawn into 
the chamber, and a glass stopcock is connected by a rubber tube on the other 
end. The tip of the sealed tube ne.\t to the chamber is broken with a pair of 
pliers and the stopcock of the chamber opened for an instant. The other tip 
is broken and the glass stopcock opened for an instant. The stopcock of the 
chamber is opened again and closed after an instant. Air is let in through the 
glass stopcock again. After air is taken through about three times the chamber 
is ready to receive the emanation from the burette. It is necessary to use only 
a small part of the vacuum to draw the emanation from the sealed tube. The 
tube is broken and the boat is folded in a filter paper in such a manner that 
the paper will hold the boat in the neck of the flask until the flask is connected 
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with the apparatus as shown in Fig. 66c. About 4 in. of a stick of sodium 
hydroxide is placed in the leveling bulb D. Boiling water is poured on this 
and the solution is raised in the burette about three-fourths of its height, 
having stopcock E closed and F open. F is now closed and the leveling bulb 
hung on hook G. Flask C contains 1-1 HNO,; or if the fusion is hard to dis¬ 
integrate 3 parts of acid to 2 of water is used. The boat is shaken into the 
nitric acid and stopcock E opened immediately. A bunsen burner flame is 
applied to the flask and the acid brought to boiling. The boiling is continued 
for 10 to 30 minutes according to the nature of the fusion. The heating must 
be regulated so that the solution in the burette is not driven too low. If the 
flask is heated too .strongly the gas may be prevented from escaping through 
tube II by raising leveling bulb D. The burette is now connected to the 
chamber by means of a micro-drying bulb A containing sulfuric acid. The 
stopcock of the chamber is open^ very slightly. Then the stopcock of the 
burette is opened slowly but fully. The stopcock of the chamber is now 
regulated till the flow of gas is such that the liquhl in the burette rises steadily 
but not too fast. When the liquid rises to the stopcock the stopcock is turned 
and air let in till the level is about one-fourth down the tube. The air is drawn 
into the chamber till the liquid again reaches the stopcock. The air is again 
let in ns before. The stopcock is opened into the chamber again and the 
liquid poured out of the leveling bulb. Air is drawn through the column till 
the chamber is ftdi. The burette is disconnected, and the chamber set away 
to be rend at the end of three hours. Just before time to make the reading the 
electroscope head is placed on the chamber and charged for fifteen minutes, 
and the chamber is opened to atmospheric pressure by opening the stopcock 
for only an instant. Fig. 56<f. From three to ten readings with the stop watch 
are taken over forty small divisions, say from 8 to 4. The temperature and 
pressure are noted. If these vary greatly from the conditions at which the 
instrument was standardized, the correction of the discharge must be made. 
The rate of discharge will be proportional to the pressure and inversely pro¬ 
portional to the temperature. The discharge is calculated in divisions per 
second. The natural leak, or still better, the blank is subtracted from this. 
This discharge is compared with that of a standard. 

Example of a Determination and Calculation. 

0.5 g. of sample sealed Oct. 1 at 5:00 P.M. 

Boiled off Oct. 5 at 8:30 A.M. 

Time of recovery 3 days, 15j hours 

Recovery factor for 3 days, 15 hr. 0.47926 See table. 

i hr. 0.00193 

0.4812 

log. of 0.4812 -1.6822 
colog. of 0.4812 .3178 

A-II Time of discharge over 40 divisions of head A on chamber II. 92.5 sec 
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B-II Times of discharge over 40 divisions of head B on chamber II. 100 sec. 
1.6021 log. of 40 
1.9661 log. of 92.5 


-1.6360 -1.6330 log of 0.4295 

.4325 —9.9450 standardization of instrument 

.00.30 blank .3178 

- .3010 to change | g. to gram. 

.4295 2.6567 to change grams to pounds 

3.3010 to change pounds to tons 


-2.1545 

14.3 mg. of radium per ton. 

B-II is calculated in the same way. The standardization of this partccular 
instrument was —9.9825. The last four numbers are the same in the two 
oases. The number for the standardization of the instrument is the log of the 
number of grams of radium necessary to discharge the leaf one division per 



second. This is obtained by running through the instrument pitchblende or a 
radium solution the radium content of which is accurately known. In all 
cases the natural leak or a blank must be subtracted. 

The instrument is charged 15 minutes before the readings are made in 
order to allow the active deposits of Radium A, B and C to collect on the wall 
of the chamber. The leaf system should be charged positively. The readings 
are taken at the end of three hours after the emanation is drawn into the 
chamber because the activity increases to a maximum at that time. For the 
first part of the period the increase is very rapid. The maximum is actually 
reached at the end of four hours, but between three and five hours the change 
is very slow. 
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As soon as the readings are made the instruments must be freed from 
emanation by drawing dry air through them, the air being dried by sulfuric acid. 

II. Bisttlfate Fusion. A pyrex test tube 1.1/8 in. in diameter and 8 in. 
long is filled about J full of fused potassium bisulfate. Sodium bisulfate or a 
mixture of both potassium and sodium bisulfates may be used. From 0.06 
to 6 grama of the finely ground sample should be added, the amount depending 
on the radium content of the sample. The tube is filled about f full of potas¬ 
sium bisulfate. In adding the last bisulfate cure should be taken to carry 
down any of the sample adhering on the side of the tube. The mixture is 
now thoroughly fused, continuing till reaction is complete. The test tube is 
removed from the flame and held in a nearly horizontal position and slowly 
turned while the melt solidifies. A very small amount of barium carbonate 
is dropped into the tube. About} of a gram is sufficient. In cases of carnotite 
ores, slimes, and tails the fusion will be yellow. As soon as the tube is cool 
enough to be handled a rubber stopper carrying two outlet tubes drawn out 
to rather fine tips (see figure) is inserted. If this is done as soon as possible 
there will be a partial vacuum in the tube when it cools and this will indicate 
when the emanation is taken off that there has been no leak. One of the 
outlet tubes should extend about one fourth way down the test tube and the 
other just through the stopper. After emanation has recovered at least one 
day the tube is connected to an evacuated chamber as shown in Fig. 56«. Micro¬ 
drying bulb A contains water or sulfuric acid and acts as an indicator to show 
when the current of air into the chamber is correctly regulated. B contains 
the fusion; C sodium hydroxide solution; D sulfuric acid. The tip near A is 
broken with a pair of pliers. On account of the vacuum in B air rushes through 
A, Immediately after breaking the first tip the second should be broken. The 
stopcock of the chamber is slowly opened till air bubbles rather slowly through 
A. The tube containing the fusion is carefully heated until all the fusion is 
melted. It is boiled for at least five minutes, or till the chamber is about to 
atmospheric pressure. During the heating, a steady current is maintained 
throughout the heating by regulating the stopcock of the chamber. The 
chamber is disconnected and set away to be read at the end of three hours. 
The procedure is the same from this point as in the carbonate fusion method. 

The Gamma Ray Method 

The sample is placed in the holder at such a distance as will cause a reason¬ 
able rate of discharge—about one division per second. A standard is then 
placed at the same distance and the two rates of discharge compared. The 
natural leak should be subtracted from each reading. The quantities of 
radium are proportional to the rates of discharge. 

In the gamma ray instrument the lead plate and the brass case of the 
chamber atop all the radiation except the gamma rays. 

See Fig. 56/. 

Method for Solutions 

A measured volume of the solution is placed in a 150 oo. pyrex flask and 
dilute nitric acid added, filling the flask about one-half full. A little barium 
nitrate should be added to prevent the precipitation of radium sulfate. The 
solution is boiled to expel all the emanation. In the Colorado So bool of Mines 
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a special flask with a long | in. neck is used. This is sealed off in the flame 
while the solution is nearly boiling. The ordinary flask may be used by in¬ 
serting a rubber stopper carrying a tube which can be sealed. Or the neck of a 
pyrex flask can bo drawn out and sealed. With the rubber stopper the emana¬ 
tion sometimes leaks. The special flasks are made by the Denver Fire Clay 
Company. After the emanation has recovered for one or more days the flask 
is connected to the burette by a light-walled rubber tube as in Fig. 56c. The 
tip is broken and heat is applied to the flask. On breaking the tip the rubber 

. 1 . 
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tube collapses if the flask has not leaked. When the pressure in the tube is 
about atmospheric the stopcock is opened slightly from time to time until the 
gas goes into the burette, and then opened wide. The solution is boiled for 
about ten minutes. The gas is then drawn into an evacuated chamber, as 
described in the other methods. The calculation may be made in milligrams 
per liter. 

Notes 

The carbonate method is similar to that given in bulletin 104, U. S. Bu¬ 
reau of Mines. 

The bisulfate method of which the method here given is a modification was 
first published by Howard H. Barker in the Journal of Industrial and Engineer¬ 
ing Chemistry for July, 1918, and improved by the Radium Company of 
Colorado. , 

Radium is found principally in carnotite and pitchblende. The largest 
carnotite depo.sits in the world are in southwestern Colorado and southeastern 
Utah. Uranium ores contain radium; the ratio of radium to that of uranium 
is 3.4 X 10“'; or, there are 3.4 parts of radium to 10,000,000 of uranium. 

Radium salts correspond chemically to those of barium. In water barium 
sulfate is 100 times as soluble as radium sulfate. 

Radium is used in the treatment of certain malignant growths and in lumi¬ 
nous paints. Some of the radioactive elements have furnished the means of 
studying atomic structure. 

Emanation should not be allowed to remain in the chambers any longer than 
is necessary. Air dried by sulfuric acid should be drawn through them. 
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The percent of UaOs multiplied by 2.6 gives the of radium pc 

ton in ore.s. This holds good unless the ratio has been disturbed by leaching 

or some other cause. 
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Q^otity 
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A 
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t 
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I 

A 
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0.00 

$ 
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A 

hour 

0.00 
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I 
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i 

Days 1 Hours 



0 

0.00000 

747 

2 

4 

0.32294 

504 

9 

8 

0.81363 

1377 


1 

0.00747 

742 

2 

6 

0.:i3302 

496 

9 

12 

0.81913 

1326 


2 

0.01489 

736 

2 

8 

0.34295 

489 

9 

18 

0.82709 

1268 

i 

3 

0.02225 

730 

2 

10 

0.35274 

482 

10 

0 

0.8.3470 

1212 


4 

0.02955 

726 

2 

12 

0.36237 

475 

10 

6 

0.84197 

1159 


5 

0.0.3681 

719 

2 

14 

0.:17187 

468 

10 

12 

0.84893 

1108 


6 

0.04400 

715 

2 

16 

0.38122 

461 

10 

18 

0.855.58 

1059 


7 

0.05115 

709 

2 

18 

0.39043 

454 

11 

0 

0.86193 

1013 


8 

0.0.5824 

703 

2 

20 

0.399r)0 

447 

11 

6 

0.86801 

0968 


9 

0.06.527 

699 

2 

22 

0.40844 

440 

11 

12 

0.87381 

0925 


10 

0.07226 

693 

3 

0 

0.41725 

432 

11 

18 

0.87937 

0885 


11 

0.07919 

688 

3 

3 

0.4:1022 

422 

12 

0 

0.88467 

0846 


12 

0.08607 

683 

3 

6 

0.44289 

413 

12 

6 

0.88975 

0809 


13 

0.09290 

678 

3 

9 

0.45529 

404 

12 

12 

0.89460 

0776 


11 

0.09968 

672 

3 

12 

0.46741 

395 

12 

18 

0.89924 

0739 


15 

0.10640 

668 

3 

15 

0.47926 

386 

13 

0 

0.90367 

0701 


16 

0.11.308 

663 

3 

18 

0.49084 

378 

13 

8 

0.90928 

0660 


17 

0.11971 

657 

3 

21 

0..50217 

369 

1.3 

16 

0.91457 

0622 


18 

0.12628 

653 

4 

0 

0.51325 

361 

14 

0 

0.919.54 

0586 


19 

0.13281 

648 

4 

3 

0.52408 

353 

14 

8 

0.92423 

0552 


20 

0.13929 

643 

4 

6 

0..i3407 

345 

14 

16 

0.92864 

0519 


21 

0.14572 

639 

4 

9 

0.54.502 

337 

15 

0 

0.93279 

0489 


22 

0.15211 

633 

4 

12 

0..5.5514 

330 

15 

8 

0.9.3671 

0461 


23 

0.15844 

629 

4 

15 

0.56.504 

323 

15 

16 

0.94039 

0434 

1 

0 

0.16473 

624 

4 

18 

0.57472 

315 

16 

0 

0.94387 

0409 

1 

1 

0.17097 

620 

4 

21 

0.58418 

308 

16 

8 

0.94713 

0385 

1 

2 

0.17717 

614 

5 

0 

0.59.343 i 

.3004 

16 

16 

0.95021 

0362 

1 

3 

0.18331 

611 

5- 

4 

0.60545 

2915 

17 

0 

0.9.5311 

0341 

1 

4 

0.18942 

605 

5 

8 

0.61711 

2829 

17 

8 

0.95584 

0321 

1 

5 

0.19547 

601 

5 

12 

0.62842 

2745 

17 

10 

0.95841 

0303 

1 

6 

0.20148 

597 

5 

16 

0.6:1941 

2664 

18 

0 

0.96084 

0281 

1 

7 

0.20745 

592 

o 

20 

0.65006 

2585 

18 

12 

0.96421 

0257 

1 

8 

0.213:37 

588 

6 

0 

0.66040 

2509 

19 

0 

0.96729 

0235 

1 

9 

0.21925 

583 

6 

4 

0.67044 

2435 

19 

12 

0.97010 

0214 

1 

10 

0.22508 

579 

6 

8 

0.68018 

2363 

20 

0 

0.97268 

0196 

1 

11 

0.23087 

575 

6 

12 

0.68963 

2293 

20 

12 

0.97503 

0179 

1 

12 

0.23662 

570 

6 

16 

0.69881 

2225 

21 

0 

0.97718 

0164 

1 

13 

0.24232 

567 

6 

20 

0.70771 

2160 

21 

12 

0.97914 

0150 

1 

14 

0.24799 

562 

7 

0 

0.71635 

2096 

22 

0 

0.98094 

0137 

1 

15 

0.25361 

557 

7 

4 
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Figures 232,233 and 235 were drawn by M. Ettington. 
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SELENIUM AND TELLURIUM* 

DETECTION 

Se, atiBt. 79.2; {5^or^^4.2i• 217°} ««>°: oxide, SeO*. 

Te ttt.wt. 127.S; sp^t. 6.27; m.p. 4S2; h.p. 1390°; oxides, TeO: ,TeOi. 

Selenium and tellurium are commonly detected by precipitation with 
sulphur dioxide in hydrochloric acid solution. A selenium solution containing 
strong hydrochloric acid in the cold gives with either sulphur dioxide gas or 
the aqueous solution the amorphous red variety which, on warming, goes to 
the gray crystalline form. Tellurium solutions in presence of dilute hydro¬ 
chloric acid with sulphur dioxide yield black elementary tellurium. 

Hydrogen sulphide gives with sclenious acid solutions a precipitate which 
is at first lemon yellow but on standing changes over to a red, due to the 
dissociation of yellow sulphide of selenium into sulphur and amorphous red 
selenium. Tcllurous solutions with hydrogen sulphide give at first a red 
brown precipitate which rapidly darkens due to dissociation into elementary 
tellurium and sulphur. Both of the sulphides are soluble in alkaline sulphide 
solutions. 

Stannous chloride, ferrous sulphate, hydroxylamine hydrochloride, hydra- 
sine hydrochloride, phosphorous acid, or hypophosphorous acid added in the 
cold to selenious solutions give red elementary selenium, which goes over to 
the black variety on warming. Potassium iodide added in excess to a hydro¬ 
chloric acid solution of either a selenite or selenate gives, in the cold, red 
selenium toother with iodine. On warming the iodine distils and the red 
selenium goes over into the gray form. 

A tellurium solution yields black elementary tellurium when treated with 
stannous chloride, hypophosphorous acid, hydrazine hydrochloride or with 
metals like zinc, aluminum, and magnesium. 

Neutral selenious solutions with barium chloride give a precipitate of 
barium selenite which is soluble in hydrochloric acid. Neutral selenates with 
barium chloride yield insoluble barium selenate, which, like all selenates, is 
decomposed with the evolution of chlorine and subsequent reduction to the 
selenite which dissolves in the hydrochloric acid. 

The few soluble alkaline tellurites give with barium chloride a white 
precipitate of barium tellurite which is soluble in hydrochloric acid. Barium 
tellut'ate is precipitated when a tellurate solution is treated with barium 
chloride. It is decomposed by hydrochloric acid, yielding chlorine and forming 
barium tellurite which dissolves in hydrochloric acid. 

Suljihuric Acid Test Selenium or a selenide with concentrated sulphuric, 
gently warmed or fuming sulphuric acid, in the cold, gives a green color, the 
intensity of which varies from a light green to an almost opaque greenish 
black, depending on the amount of selenium present. When the green solution 
is added to water, red elementary selenium is precipitated. This red selenium 
when boiled in the diluted acid changes into the gray crystalline form. The 
Chapter contributed by Victor Lenher. 
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green color in the strong sulphuric acid is destroyed by warming the solution 
a few minutes. This test is not applicable to an oxidized selenium compound. 

Tellurium or a telluride, but not oxidized tellurium compounds, gives in 
the cold with fuming sulphuric acid or with warm concentrated sulphuric 
acid a red color, the intensity of which depends on the amount of tellurium 
present. When the red solution is poured into water, black elementary 
tellurium is precipitated. When the red solution is warmed, sulphur dioxide 
is evolved, the red color disappears and if much tellurium is present, white 
crystals of the basic sulphate of tellurium separate. 

The sulphuric acid test is frequently of no value when both of the elements 
are present, since the red of the tellurium may obscure the green of the selenium. 

Qualitative Detection of Selenium and Tellurium in 
Complex Mixtures 

First Method. The substance is treated with aqua regia or with a mixture 
of hydrochloric acid and potassium chlorate, and the free chlorine is expelled 
by warming at a temperature below boiling in order to avoid loss of volatile 
chlorides. The solution is then diluted and filtered to remove insoluble matter. 
Should tellurous acid precipitate on diluting with water, it can be redissolved 
by hydrochloric acid. The acid solution is treated with sulphur dioxide gas, 
or sodium acid sulphide. The formation of a precii)itate indicates the possible 
presence of selenium, tellurium, or gold. (1) If the precipitate is allowed to 
settle, the liquid poured off, and the precipitate warmed with strong nitric 
acid, selenium and tellurium will dissolve leaving the gold insoluble. The 
nitric acid solution cun be evaporated with hydrochloric acid to destroy the 
nitric acid and then treated in concentrated hydrochloric acid solution with 
sulphur dioxide gas. If selenium is present, it will appear as a red precipitate 
which on warming goes to the gray crystalline. The selenium precipitate 
can be filtered off through an asbestos filter and the solution when diluted 
with water and more sulphur dioxide added gives a black precipitate of 
elementary tellurium. (2) The sulphur dioxide precipitate containing possible 
selenium, tellurium, and gold can after washing be treated directly with hot 
concentrated sulphuric acid in order to get if possible the characteristic selenium 
or tellurium colors. 

Second Method. Crude selenium or tellurium containing material from 
any source whether oxidized or non-oxidized can bo fused with five to six times 
its weight of potassium cyanide. Tellurium forms potassium telluride, 
selenium forms selenocyanate and sulphur, which is invariably presicnt, gives 
sulphocyanate. Extraction of the fused mass with water gives a p^irple 
solution if tellurium is present, the selenocyanate and sulphocyanate being 
colorless. The heavy metals remain insoluble, and can be removed by filtra¬ 
tion. When a current of air is bubbled through the solution, the purple color 
is discharged and black elementary tellurium is precipitated. This tellurium 
can be filtered off and verified by the sulphuric acid test. 

The selenocyanate and sulphocyanate from the air oxidation of the potas¬ 
sium telluride solution can be treated under a good hood with hydrochloric 
acid, when hydrocyanic acid is set free and red selenium is precipitated. 
The selenium can be confirmed by conversion to the black variety by heat 
or the sulphuric acid test can be applied. 
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SEPARATIONS 

Separations of selenium and tellurium from other elements can be readily 
accompIiRhcd. Heating of the selenide and telluride combinations or mixtures 
in chlorine gas affords a separation from the metals whose chlorides are non¬ 
volatile. 

Heating of selcnitcs or tellurites in a current of hydrochloric acid gas 
forms volatile SeOs.2HCl or Tc 02 . 2 HCl, while the selcnatcs or tellurates give 
chlorine in addition. This treatment with hydrochloric acid gas, when applied 
to the oxidized selenium and tellurium compounds, is an excellent means of 
separation from the metals whose chlorides are non-volatile. 

Both of these elements can be separated from most of the more common 
elements by the general principle of reducing their compounds and precipitating 
them in elementary form by means of sulphur dioxide, hydrazine or hydroxyl- 
amine. Gold is precipitated at the same time but can be separated by treating 
the well-washed precipitate with nitric acid, sp.gr. 1.2.5, which will dissolve 
the selenium and tellurium but not the gold. The nitric acid solution can 
then be carefully evaporated with hydrochloric acid to destroy the nitric, 
and convert to chloride solution. 

Separations of Selenium and Tellurium 

Keller’s method is to separate the selenium and tellurium from each other 
by making use of the principle that selenium is completely precipitated by 
sulphur dioxide from strong hydrochloric acid solution while tellurium is not. 

Procedure. The two elements are separated from the other elements by 
sulphur dioxide in dilute hydrochloric acid solution. The washed precipitate 
is dissolved in nitric acid and the solution evaporated to dryness on the water 
bath. The residue is dissolved in 200 cc. of hydrochloric acid, sp.gr. 1.175, 
and the solution warmed to expel all free nitric acid. The solution is then 
saturated with sulphur dioxide gas at 15-22° C. The precipitated selenium 
is allowed to settle, washed first by decantation with cold hydrochloric acid, 
sp.gr. 1.175, then with cold water to displace the acid and finally treated 
in the beaker with boiling water which transforms the red selenium into the 
black granular variety. The selenium is brought on a Gooch crucible washed 
with alcohol and dried at 105° C. The tellurium is precipitated in the filtrate 
by diluting with water, adding more sulphur dioxide and hydrazine hydro¬ 
chloride as in the gravimetric method for tellurium. The tellurium is finally 
washed with water, then alcohol, dried at 105° C. and weighed. 

* Separation of Selenium and Tellurium. Di8tillatio.-i Method 

The following method is excellent for determining selenium and tellurium in 
alloys. 

Procedure. The apparatus having been set up as is shown in the cut. Fig. 57, 
0.6 gram of the alloy containing selenium and tellurium is placed in the distilling 
flask D and 30 cc. of H 1 SO 4 (sp.gr. 1.84) added. All connections are made tight. 

A current of dry HCl gas is allowed to flow into the distilling flask and the 
contents of the flask heat^ to 300° C. (The HjSO* should not fume and the 
temperature should be kept below the boiling point of this acid, otherwise the 
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acid distilling into the reservoir R would interfere with the precipitation of 
selenium by 80i.) Selenium distills as selenium chloride into R, while tellurium 
remains in the distillation flask. During the distillation, SOi gas is passed into 
R, to reduce the selenic salt in solution and precipitate metallic selenium. 

The di.stillation is continued for two or three hours, keeping the temperature 
of the distillation flask at about 300“ (i.e.. below the boiling-point of HjSOd. 

The contents of the receiver R is transferred to a 40t)-cc. beaker, and the dis¬ 
tillation continued into fresh HCl to jissiire complete volatilization of selenium 
from the flask D. The contents of the receiver and any of the metal adhering 
to the glass wool, or the glass of the vessel, are combined. (The adhering selenium 
is dissolved off with a little Bromine-Potassium Bromide solution.) 



Fig. 57 shows a convenient apparatus for routine determinations <if selenium 
and tellurium in alloys. Hydrochloric acid gas is generated by allowing strong 
hydrochloric acid to flow into concentrated sulphuric acid (see A and Ji m oraw- 
ing Fig. 57). The gas is dried by passing it through strong sulphuric acid (C in 
figure). A mercury pressure gauge, arranged to allow gas to blow out at a pressure of 
3 or 4 pounds, prevents accident occurring due to stoppage in the system. 

Determination of Selenium. The solution in the beaker is saturated with SO], 
then heated to Iroiling and the precipitated selenium allowed to settle several 
hours, or overnight. The precipitate is filtered into a weighed Oooch crucible, 
then washed with hot water and finally with alcohol. The residue is dried for an 
hour at 100“ C. and weighed. 

Weight of SeX 100 
—=-- ='/o be. 


0.5 





434 


SELENIUM AND TELLURIUM 


Determination of Tellurium. The residue in the distilling flask is transferred 
to a 600-ec. beaker containing 150 cc. of cold water. Ten cc. of 3% FefNOOa solu¬ 
tion is added, and made ammnniacal, and then heated to boiling; the precipitate 
filtered off on a large filter and washed with hot water. The precipitate is dis¬ 
solved in hot dilute HCl and the solution nearly neutralized with NH4OH. The 
slightly acid solution is saturated with ILS, the precipitated tellurium filtered off 
on an 8. and 8. No. 5S!>, 12i cm. filter, and wa.shed with HsS water. 

The precipitate is dis.solvcd off the paj)cr into a small beaker with a mixture 
of equal parts of HCl and bromine-potassium bromide solution.* The paper is 
washed with water keeping the volume of the solution as small as possible. The 
filtrate should contain 20% HCl. 

Tellurium is precipitated by saturating the solution with SOs. The pre¬ 
cipitate, after heating to boiling, is allowed to settle for several hours and filtered 
onto a weighed Gooch. It is washed with hot water and then with alcohol and 
dried for on hour at 100° (^, cooled in a desiccator and weighed. 

Weight of Ti! X UK) , 


ESTIMATION 

Selenium and tellurium clasely resemble sulphur in chemical properties. 
They have crystalline and amorphous forms. The elements occur in nature 
frequently as.suciated with sulphur. Selenium is frequently present in iron 
pyrites, hence is found in the flue dust of lead chambers of the sulphuric acid plant, 
and as an impurity in sulphuric acid, prepared from pyrites containing selenium. 

Ores—Selenium. In copper and iron pyrites; meteoric iron. In the rare 
minerals clausthalitc, PbSe; lehrbachite, PbSe-IIgSe; onofrith, HgSe*4HgS; 
eucairite,CuSe-Ag!Se; crookesite, (CuTlAg)Se.* 

Tellurium. Occurs in tellurides and arsenical iron pyrites. Frequently 
associated with gold, silver, lead, bismuth and iron. In the minerals—altaite, 
PbTe; calaverite, AuTej; coloiadolite, HgTe; nagyagite, (AuPb)j(TeSSb)i; 
petzite, AgAuTe,; sylvanite, AuAgl"e4; telluride, TeOa (tellurium ochre); 
tetradymite, BhTei. * 

* Thorpe, " Dictionary of Applied Chemistry.” 
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QUANTITATIVE METHODS FOR SELENIUM 

Selenium is most commonly precipitated as element by either sulphur 
dioxide, hydroxylamine or hydrazine. This reduction to element at the same 
time separates the selenium from most of the elements except tellurium and 
gold. When hydroxylamine hydrochloride or hydrazine hydrochloride is the 
precipitating agent, the material is usually most conveniently brought into 
hydrochloric acid solution and converted if necessary into the selcnious state. 
From this sclenioiis solution, which may be acid, neutral or ammoniacal, 
these reducing agents on boiling precipitate elementary selenium which can 
be brought on a Gooch crucible, washed with hot water, dried at 105®, and 
weighed. 

Sulphur Dioxide Method 

The addition of sulphur dioxide to a solution of solenious acid or a selenite 
which is strongly acid with hydrochloric acid is one of the oldest and best 
methods of precipitating elementary selenium. A sclenate or selenic acid 
must first bo reduced to a selenite or solenious acid by warming with hydro¬ 
chloric acid, after which sulphur dioxide can be introduced. 

It is sometimes convenient to produce the sulphur dioxide by the addition 
of sodium acid sulphite or of sodium sulphite. This procedure is satisfactory 
but should be accompanied by a blank test on the sulphite with hydrochloric 
acid, since the sulphites, on standing, not uncommonly give a precipitate of 
sulphur on acidification. 

The best procedure in the precipitation of .selenium by sulphur dioxide is 
to pass the gas slowly through the selenious containing solution which is 
strongly acid with hydrochloric acid. The gas should be passed into the 
solution at a temperature of 15-22® C. When the solution smells strongly 
of sulphur dioxide gas, the beaker is removed and allowed to stand for a half 
hour, in order that the selenium may settle. The supernatant liquor is 
decanted through a previously weighed Gooch crucible, and the selenium 
washed first by decantation with strong hydrochloric acid, after which one 
treatment with C'jld water is used to wash the precipitate in the beaker. 
After again decanting, hot water is poured into the beaker containing the 
precipitate when the flocculent red selenium turns black and granular. It is 
then filtered, washed with hot water, followed by alcohol and dried at 105® C. 
to constant weight. 

If the temperature in the solution during the precipitation of the selenium 
rises above 22®, the selenium agglomerates and occludes impurities which 
cannot be wa.shed out. If the temperature is below 15°, the precipitation is 
either incomplete or very much delayed. 

Evaporation of selenious acid should be made on the water bath rather 
than at a higher temperature since there is an appreciable loss of selenium 
dioxide when heated above 100° C. In the reduction of selenates or selenic 
acid to the selenious condition by means of hydrochloric acid, the temperature 
must never exceed that of the steam bath or considerable selenium may be lost. 
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Potassium Iodide Method 

Potassium iodide added to a selenious solution containing free hydrochloric 
acid gives a precipitate of elementary selenium, iodine being liberated simul- 
tanebusly. 

ScOj+4HI= Se+2HjO+2I,. 

With samples containing less than 0.1 gram selenium satisfactory results are 
obtained but with larger amounts iodine is likely to be occluded. 

Procedure. The sample containing selenious acid or a selenite in a dilution 
of 400 cc. is acidified with hydrochloric acid, 3-4 grams of potassium iodide 
are added and the iodine liberated is boiled off. The selenium is brought on 
a Gooch crucible washed with hot water, dried and weighed. Gooch and 
Pierce * suggest the use of sodium arsenite and iodine solutions in carrying 
out the method volumotrirally. 

The thiosulphate method of Norris and Fay ’ consists in treating a hydro¬ 
chloric acid solution of selenious acid with a measured excess of standard 
sodium thiosulphate solution and then titrating the excess of thiosulphate 
with an iodine solution. 

H,SoOi+4NnjSjO,+4HCl=4NaCH-NasS4SeOe+NaAOe+SHjO. 

Selenates or selenic acid can be analyzed by boiling with hydrochloric 
acid when chlorine is evolved which can be collected and titrated. 
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QUANTITATIVE METHODS FOR TELLURIUM 

Tellurium can be determined gravimctrically and separated from most of 
the elements except selenium and gold by a number of reducing agents. The 
oldest method, that of Berzelius, is the u.se of sulphur dioxide in slightly 
acid solution. Black elementary tellurium is precipitated but complete 
precipitation is much delayed even when the solution is warm. The hydro¬ 
chloric acid solution of the tellurium should always bo allowed to stand twenty- 
four hours. The tellurium is then conveniently brought on a Gooch crucible 
and the filtrate further digested after the addition of more sulphur dioxide. 
Very frequently more tellurium settles out on standing twenty-four hours 
longer. After all of the tellurium is collected on a Gooch crucible, it is washed 
and dried at 10.5° C. as quickly as po.ssible in order to avoid the slight superficial 
oxidation which always takes place with tellurium which has been precipitated 
in this manner. 

Hydrazine hydrochloride used as a reducing agent for the precipitation of 
elementary tellurium gives fairly good results but complete precipitation as 
with sulphur dioxide is somewhat delayed. 

The use of sulphur dioxide and hydrazine hydrochloride together is the 
most accurate as well as the most rapid method for the determination and is 
applicable to both tellurites and tellurates, as well as to the free acids. 


Hydrazine Hydrochloride-Sulphur Dioxide Method 

The tellurium, either as a derivative of the dioxide or as a tellurate, should 
bo present in a solution which has an acidity of approximately ten per cent 
free hydrochloric acid, and it is preferable that the solution be concentrated, 
for otherwise the precipitate will be so finely divided that it will be difficult 
to wash. The solution is heated to boiling, 1.5 cc. of a saturated solution of 
sulphur dioxide is,added, then 10 cc. of a flftwn per cent solution of hydrazine * 
hydrochloride followed by 25 cc. of sulphur dioxide solution. The boiling is 
continued until the precipitate settles in such a way that it can be easily washed, 
which should not take more than five minutes. The precipitated tellurium 
is brought on a previously weighed Gooch crucible washed with hot water 
until all of the chlorides are removed, after which the water is displaced by 
alcohol, and the crucible and contents dried at 105° C. • 

Tellurates or telluric acid can be analyzed by boiling with hydrochloric 
acid when chlorine is given off. 

H2Te04-t-2HCl= HjTeOa-l-Cb. 

The chlorine evolved may be passed into potassium iodide solution and the 
liberated iodine titrated by sodium thiosulphate or an arsenite solution. 

* Hydrazine hydrochloride is pre|)ared ordinarily from the sulphate acmrding to 
the directions given in "Organic Chemical Reagents,” Vol. Ill, page 42, University of 
Illinois Bulletin, Vol. 19, No. 6, 1921. Hydrazine sulphate is conveniently made 
from sodium hypochlorite and ammonia. Organic Syntheses, Vol. II, pages 37-40, 
Wiley & Co., 1^2. 
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Precipitation as Tellurium Dioxide 

Browning and Flint ’ utilize the insolubility of tellurium dioxide as a 
means of separation from the readily soluble sclenious acid. Selenium and 
tellurium arc precipitated by sulphur dioxide from a hydrochloric acid solution. 
The elements are filtered, washed and dissolved in hydrochloric acid containing 
sufficient nitric acid to effect solution and then evaporated to dryness on- 
the water bath. 

Procedure. The material is dksolved in hydrochloric acid or in a ten 
per cent solution of potassium hydroxide, u.sing 2 ce. per 0.2 gram of oxide. 
The solution, if alkaline, is slightly acidified with hydrochloric acid and then 
diluted to 200 oc. with boiling water. Dilute ammonium hydroxide is now 
added in slight excess, and is followed by the faintest excess of acetic acid. 
Crystalline tellurium dioxide separates out completely on cooling and can be 
brought on a Gooch crucible dried at lOJ)" C. and weighed. 

Notes 

Tellurium. Tlie element dissolves in hot concentrated hydrochloric acid. 
On dilution of the solution a precipitation of HjTcO occurs. Treated with 
concentrated nitric acid or aqua regia HjTeOi forms. With sulphuric acid 
the compound HjTeOs forms and SO 2 is evolved. Tellurium is insoluble in 
carbon disulphide. The oxides TeO and Te02 are soluble in acids, TeOs being 
not readily soluble. All the oxides dissolve in hot potassium hydroxide 
solutions. 

Caro must bo exercised to avoid overheating acid extracts in the preparation of the 
sample, since loss by volatilization is apt to occur; this is especially true of the halogen 
compounds of selenium and tellurium, the former being more volatile than the latter 

Fusion Method. The finely powdered substance is intimately mixed with 
about five times its weight of a flux of sodium carbonate and nitrate (4:1) and 
heated gently in a nickel crucible, gradually increasing the heat, until the charge 
has fused. When the molten mass appears homogeneous, it is cooled and ex¬ 
tracted with water. Sodium sclcnate and tellurate pass into solution and ^ 
separated from most of the heavy metals. The water extract is acidified with 
hydrochloric acid and boiled until no more free chlorine is evolved. (Test 
with starch iodide paper. Cl = blue color.) * Metallic selenium and tellurium 
may be precipitated by passing sulphur dioxide into the hydrochloric acid solution. 

Keller has shown that tellurhun is not precipitated by SO 2 in strong hydro¬ 
chloric acid solutions (sp.gr. 1.17.5), whereas selenium is precipitated. Diluted 
witli an equal volume of water (acidity 12 to 20% of above) both tellurium and 
selenium are precipitated by SOt. 

> Amer. Jr. Sci. (4), 1909, 28,112. 
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METHODS AT REFINERIES 
Commercial Selenium 

A half-gram portion of the material ground to 100 mesh is placed in a 
150-cc. beaker, and 10 cc. of water are added, followed by 15 cc. cone, nitric 
acid. After the sample has dissolved in the beaker, which is covered with a 
watch glass, it is evaporated to dryness on the water bath, and taken up in 
10 ec. cone, hydrochloric acid and 20 cc. of water in the cold. The insoluble 
matter is filtered off and the solution received in a 400-cc. beaker. Sufficient 
cone, hydrochloric acid is added to make the solution 70 per cent cone, hydro¬ 
chloric acid. 

The selenium is precipitated at room temperature by passing a slow current 
of sulphur dioxide gas through the solution at the rate of two small bubbles 
per second, stirring frequently, to granulate the selenium. It is recommended 
that the temperature of the solution be maintained at 60 to 70® F. by placing 
the beaker in a vessel of running water. 

When complete precipitation ha.s been effected and the solution smells 
strongly of sulphur dioxide;, the beaker is removed and allowed to settle for a 
half hour. The supeernatant liquor is decanted through a previously weighed 
Gooch crucible; the precipitated selenium in the beaker is washed three times 
with cone, hydrochloric acid and once with cold water, decanting each time 
through the crucible. To the precipitate in the beaker 25 cc. of cold water 
are added, followed by hot water and vigorous stirring until the selenium 
turns black and granular. It is then filtered, washed with hot water followed 
by alcohol, and dried at 105° to constant weight. After weighing, the crucible 
can bo gently heated to expel the selenium, in order to obtain a check on its 
purity. A residue may consist of silica or gold. 

Tellurium in the filtrate is recovered by adding three gra. of powdered 
tartaric acid, diluting with four times its bulk of hot water, then adding 25 cc. 
ammonium hydroxide and saturating with sulphur dioxide gas. After the 
sulphur dioxide treatment, which takes but a few minutes, the solution is 
brought to boiling and allowed to stand for two hours on a hot plate. The 
granular elementary tellurium is brought on a previously weighed Gooch 
crucible, washed with hot water, dried at 105° and weighed. 

The important laboratory details suggested by Greenwood ‘ are: 

1. Evaporation of the seleuious acid should be m.ade on the water bath 
rather than on a hot stove in order to avoid loss by volatilization. There is 
an appreciable loss of selenium dioxide when heated above 100° C. even in 
the presence of sodium and potassium chlorides. This fact has been verified 
in Lenher’s laboratory. 

2. If the temperature of the solution during the precipitation of selenium 
is above 70° F., the selenium agglomerates and occludes impurities, which 
cannot be washed out. If the temperature is below 60° F., the precipitation 
is either incomplete or very much delayed. 

3. If the precipitated selenium is not granular, it cakes during the drying 
and retains moisture even at'110°. 

Lead, copper and iron in selenium arc determined in a sample of from 
10 to 25 gm. which is dissolved in 50 to 75 cc. cone, nitric acid in a 375-eo. 
casserole and evaporated to dryness. The volatile selenium dioxide is expelled 

‘ Eng. and Min. Jr. (1915), 100, 1012. 
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by carefully raising the temperature. The non-volatile residue is dissolved in 
10 cc. cone, nitric acid and 6 cc. cone, hydrochloric acid, evaporated to 5 cc., 
when 5 cc. concentrated sulphuric acid are added and evaporated to fumes; 
it is allowed to cool, 75 cc. of water are added and allowed to stand over night, 
when the lead sulphate is filtered off and weighed as usual. The filtrate from 
the lead is treated with hydrogen sulphide, the precipitate is ignited to burn 
off selenium, tellurium and arsenic, the residue dissolved in nitric acid and the 
copper determined volumetrically. The filtrate from the precipitation of the 
copper is boiled to expel the hydrogen sulphide, oxidized by a few crystals of 
potassium chlorate, and the iron precipitated in the usual manner by ammonia. 

An alternate method for the determination of iron in selenium is to weigh 
10 gm. of the sample into a porcelain dish, ignite at a red heat until the selenium 
appears to be completely driven off. The residue is sometimes weighed and 
reported as “ non-volatile matter.” This residue is fused with sodium car¬ 
bonate, treated with dilute sulphuric acid, the solution reduced with zinc, 
and the iron titrated with a weak solution of permanganate. 

Insoluble in commercial selenium. 10 to 25 grams are dissolved in a 
376-cc. casserole, in cohe. nitric acid, and evaporated to dryness; cone, hydro¬ 
chloric acid is added and the silica dehydrated. The insoluble is taken up 
in hydrochloric acid and water, filtered off, ignited and weighed. 

Selenium and tellurium in metallic tellurium. A 0. .5-gram sample of the 
finely powdered metal is treated with 10 cc. of cone, sulphuric acid and fumed 
until all the tellurium has dissolved; after wliich it is cooled and 20 cc. water 
and 50 ec. cone, hydrochloric acid are added. 

Selenium is precipitated from the cold solution by passing in sulphur 
dioxide gas for 3 to 4 minutes, after which it is filtered through a Gooch 
crucible, washed three times with hydrochloric acid (2 parts cone, acid to 
1 water), then with hot water and finally with alcohol, dried and weighed. 
To obtain a check on the purity of the selenium the Gooch crucible is ignited 
and reweighed. 

The tellurium-containing filtrate is diluted to about 700 cc., heated to 
nearly boiling, a few grams of hydrazine hydrochloride added and a rapid 
current of sulphur dioxide gas is passed in for 15 minutes, or until the tellurium 
separates readily; it is then brought on to a Gooch filter, washed with hot 
water, finally with alcohol. The elementary tellurium is dried for one hour 
at 105° and weighed. 

A selenium and tellurium procedure used for a number of years in one of 
the refineries consists in dissolving in nitric acid, adding a pinch of salt, 
evaporating to dryness, taking up in 25 cc. hydrochloric acid (1 :1) and 
bringing to boiling. The insoluble matter is filtered off, the solution diluted 
to ISO cc. and sulphur dioxide passed through the boiling solution. A few 
grams of hydrazine hydrochloride are added and sulphur dioxide again passed 
in after which the solution is boiled a few minutes. The precipitated selenium 
and tellurium are filtered off, dissolved in nitric acid with the addition of a 
pinch of salt, and the solution evaporated. The residue is taken up in about 
200 cc. cone, hydrochloric acid, the solution boiled about ten minutes and 
the selenium brought on a Gooch crucible where it is washed with hot water, 
then alcohol, dried and weighed. 

The tellurium-containing filtrate is diluted with water to three times its 
volume and saturated with sulphur dioxide; a few grams of hydrazine hydro- 
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chloride are added, boiled a few minutes, the tellurium is brought on a Gooch 
crucible, washed with hot water, then with alcohol, dried and weighed. 

Selenium and tellurium in blister or pig copper arc commonly determined 
by the method of Keller, using samples of oO grams or less. 

Selenium and tellurium in electrolytic copper slimes are determined by 
treating a 0..5-gram sample of the slime in a 250-cc. beaker with 10 cc. cone, 
sulphuric acid, heating until the sample is decomposed and nothing remains 
but a white residue. After cooling, 20 cc. of water are added, followed by 
2 cc. cone, hydrochloric acid, the solution is agitated to coagulate the silver 
chloride which is then filtered off. The acidity of the filtrate is brought up 
to about 32 per cent by adding cone, hydrochloric acid and the selenium and 
tellurium separated by sulphur dioxide, following the customary procedure. 

Selenium in lead slimes. A 2-gram sample is fused with a mixture of 
8 grams sodium carbonate and 2 grams nitrate in a nickel crucible. The cold 
fusion is extracted with water and filtered. The filtrate is acidified with 
hydrochloric acid and heated until chlorine is cx|)cllcd. To the solution is 
added an equal volume of hydrochloric acid, and sulphur dioxide gas is added 
until the red precipitate becomes granular. The selenium can be brought on 
an asbestos filter, washed with hydrochloric acid, redissolved in hydrochloric 
acid and potassium chlorate and rcprccipitatcd by sulphur dioxide. 

Tellurium in lead slimes. 1 gram of .slimes is treated with a mixture of 
10 cc. cone, sulphuric acid, 10 cc. cone, nitric acid, and 20 cc. water, and 
evaporated to fumes. After cooling, 40 cc. water and about 2 grams tartaric 
acid are added. The solution is boiled and filtered. The residue is washed 
back into the original beaker, 5 to 10 cc. cone, suljdiuric acid are added, and 
again evaporated to fumes; 40 cc. of water are added and the solution boiled 
and filtered. The two filtrates are united and treated with hydn)gen sulphide 
gas. The sulphides are filtered on paper washed with hydrogen sulphide 
water, washed back into the beaker, and a little sodium bicarbonate added 
followed by about 4 cc. of 10 per cent sodium sulphide solution. The solution 
is brought to boiling, digested for 12 hours, and filtered through the filter 
previously used. The sulphide-containing filtrate is acidified with dilute 
sulphuric acid and treated with hydrogen sulphide gas to render it granular. 
The sulphide precipitate, after filtration, is dissolved in nitric acid with the 
addition of 10 cc. cone, sulphuric acid and evaporated to fumes of sulphuric 
acid. It is then diluted with water and boiled after adding about 2 grams 
of tartaric acid. The solution is cooled, diluted to about 60 cc. with water, 
and after adding 40 cc. cone, hydrochloric acid, is again treated with hydrogen 
sulphide. The precipitate is filtered off, washed with 1 : 1 hydrochloriclacid, 
dissolved in hydrochloric acid and potassium chlorate, warmed gently to expel 
the excess of chlorine, tartaric acid is again added, any residue filtered off, 
and the filtrate made strongly acid with hydrochloric acid. The selenium is 
then precipitated by sulphur dioxide. 

The filtrate containing the tellurium is diluted with warm water,, and the 
tellurium precipitated and weighed as usual. _ 

Selenium and tellurium in flue dust. 2 grams are dissolved in hydrochloric 
acid and potassium chlorate on a water bath, and the excess of chlorine expelled 
by gentle heat. The insoluble matter is filtered off and washed with con¬ 
centrated hydrochloric acid, and the filtrate is treated with sulphur dioxide 
gas. The selenium and tellurium are brought on a Gooch crucible, washed. 
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then dissolved in hydrochloric acid and potassium chlorate, about 2 grams oi 
tartaric acid are addedf followed by couc. hydToehlortc BCidf and the sewiuum 
is precipitated by sulphur dioxide, filtered off and weighed. The filtrate is 
diluted to three times its volume with warm water, and the tellurium is 
precipitated by sulphur dioxide, collected and weighed. 

Flue Dust and Niter Slag 

Hue dust or niter slag from Dord furnaces can be analyzed for water- 
soluble selenium and tellurium by boiling a l-gram sample with water, filtering 
and washing with hot water, keeping the volume down to 20 cc. To this 
filtrate are added 200 cc. cone, hydrochloric acid; the solution is chilled with 
icewater; and sulphur dioxide is passed in, the selenium and tellurium being 
separated by the method of Keller. 

The insoluble selenium and tellurium are transferred from the filter to a 
60-co. beaker, cone, nitric acid and cone, hydrochloric acid are added, and the 
solution evaporated at 50° C. or below. It is recommended to evaporate 
twice more with hydrochloric acid, keeping the temperature at 50° C. or below. 
The residue is taken up in hydrochloric acid (1:2) and filtered, after which 
100 cc. cone, hydrochloric acid are added and the selenium and tellurium in 
the filtrate are separated by the Keller method. 

Commercial Sodium Selenite 

To 1 gram of the sample in a 50-cc. beaker are added 10 cc. of water and 
6 drops of hydrochloric acid and shaken gently until solution is complete. 
After filtering out the insoluble matter, a large excess of cone, hydrochloric 
acid is added to the filtrate and selenium is precipitated by sulphur dioxide. 
In the filtrate from the selenium, the tellurium can be recovered by diluting 
with warm water and passing in more sulphur dioxide. 

Selenic Acid 

20 grams of the sample are quickly transferred to a tightly stoppered 
weighing bottle. After weighing, the acid is put into a liter flask, dissolved 
in water, and made up to the mark. A 25-cc. portion is measured out and 
treated with an excess of cone, hydrochloric acid and the selenium precipitated 
by sulphur dioxide. If tellurium is present, it can be recovered in the filtrate. 

. Selenium in Glass ‘ 

In ruby glass where selenium is present in quantities of about 0.25%, 
a two-gram sample is evaporated with hydrofluoric and nitric acids. This 
evaporation is repeated several times without ignition. The nitrates are then 
transferred to a small Erlenmeyer flask and the nitric acid destroyed by adding 
hydrochloric acid. Care must be taken not to boil the solution or selenium 
will volatilize. A high concentration of the hydrochloric acid must be main¬ 
tained in order to hold the tellurium in solution. Sulphur dioxide is next 
passed into the solution when elementary selenium is precipitated, washed, 
dried and weighed as usual. 

‘ Method furnished by the Coming Glass Works. 



SELENIUM AND TELLURIUM 440c 

In glasses where selenium is used as a decolorizer and in which the selenium 
is present to the extent of less than .0025%, Cousen ‘ recommends dissolving 
the glass in nitric and hydrofluoric acids and determining the selenium colori- 
metrically by phenyl hydrazine hydrochloride, keeping the selenium from 
precipitating by adding gum arabic. A yellow to a yellowish red solution is 
obtained which is compared with a color standard containing a known amount 
of sodium selenite. 

Selenium and Tellurium in Refined Copper 

The succe.ss and accuracy of determining small amounts of impurities, is to 
collect these impurities from a large sample, and to do the necessary chemical 
work in a small volume of solution. 

Ferric hydroxide when precipitated from a copper solution has the peculiar 
property of forming insoluble compounds with As, Sb, Se and Te. 

For complete precipitation, the iron contents must be at least thirty times 
the combined As, Sb, Se and Te and must be entirely precipitated from the 
solution. 

The iron is best added by means of the ferrous salt (FeS 04 + 7 Hj 0 ) dis¬ 
solved in water and oxidized to the ferric salt with HNO 3 . Roughly the iron 
content of FeS 04 -l- 7 H 20 is 20%, or one-fifth of the weight of ferrous sulphate. 

Weigh 100 grams of drillings into a 1300 cc. beaker, cover with water and 
add gradually 3.50 cc. HNO3 (1.42). When the copper is in solution, boil out 
all red fumes, dilute to 700 cc. with warm water and neutralize with NH4OH 
until just enough copper hydroxide h.as been formed to cover the bottom of 
the beaker; then add the required amount of oxidized ferrous sulphate in 
solution. Stir well, dilute to 900 cc. and boil for at least one hour, settling 
on the warm plate over night. Filter on a 15 cm. fdter. 

Treat the filtrate with ammonia until a precipitate of copper hydroxide has 
formed to cover the bottom of the beaker and half the quantity of oxidized 
FeS 04 -t- 7 H 20 added previously, is again added and the solution boiled for one 
hour, allowing to settle over night on the warm plate. Filter on a 15 cm. filter. 
It is absolutely necessary that no iron salts be left in this filtrate, either in 
solution, or as hydrate, therefore, this filtrate had l)e.st be tested with ammonia 
and refiltered on a 15 cm. filter. The three precipitates on the 15 era. papers 
are treated as one, dissolved in the least quantity of warm II2SO4 (1-1), the 
papers washe<i well with hot dil. II2SO4 (1-20) and filtered into a 600 cc. 
beaker. Make strongly ammoniacal, boil well and filter, washing the precipi¬ 
tate well and free from the folds into the apex of the filter. Refilter the filtrate 
to catch any iron that luis washed through. The papers arc spread open and 
the precipitates dissolved in 25 cc. warm IICl (1-1) in a 2.50 cc. beaker, using 
as little hot water as possible to remove the yellow stains. 

Filter the solution into a 400 cc. beaker, washing with as little hot water as 
possible. To the filtrate add four times its volume of cone. HCl and cool. 

Pass SO 2 gas through this liquid at the rate of one bubble per second, keeping 
the solution cool. 

Filter oflf the precipitated Se on a tared Gooch crucible wash with cold 
water and alcohol, dry at 60° C. for two hours, then at 105° C. to constant 
weight. 

Weigh as metallic Se. 

Expel the Se from the crucible and reweigh as a check on the weight and 
the purity of the precipitate. 
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Teliurium 

To the filtrate from the precipitated Se, add 2 grams of tartaric acid in 
order to keep the Sb in solution, dilute to 600 cc. with but water, add 50 cc.' 
cone. NILOII, and saturate the solution with SOj gas. Boil for two minutes 
and allow to settle 4-6 hours. 

Filter the Te on a tared Gooch crucible, wash with hot water and finally 
with alcohol, dry at 115° C. to constant weight. 

Weigh as metallic Te. 


VOLUMETRIC DETERMINATION OF SELENIUM AND 
TELLURIUM 


lodometric Determination of Selenic, or Telluric Acid—Reduction 
with Hydrochloric Acid and Distillation 

The method dcjKinds upon the reduction of selenic or telluric acid to selenious 
or tellurious acid by heating with hydrochloric acid, the evolved chlorine being 
a measure of the acids in question. The chlorine al)sorbcd in potassium iodide 
solution liberates its equivalent of iodine, which may readily be determined by 
titration with standard thiosulphate. The following reactions illustrate the 
change that takes place: 


ICl.-l 



K,Se().+4HCl=2KCl+H,Se0.+H,0+Cl,, 

K.Te(),+4HCl = 2KCl+H,Te0,+H,0+Cl,, 

Te 

or — =6.'1.75 grams To or 39.6 grams Se per liter normal solution. 

z 


According to Gooch and Evans over 30% of strong hydrochloric acid (sp.gr. 
1.20) should be present. Dilute hydrochloric acid having a strength of 10% of 
HCl, sp.gr. 1.2, does not react with liberation of chlorine. Care must be taken 
not to prolong the boiling after the solution reaches a concentration of half 
strength, since over reduction may take place and the metals be liberated. 

Procedure. The sample containing the selenate or tellurate is treated with 
75 cc. of hydrochloric acid, containing 25 cc. of strong HCl, sp.gr. 1.20, per 0.2 
gram of the oxides, in a distillation flask connected with a Drcxel wash bottle 
receiver, water cooled, and charged with potassium iodide solution. A current 
of CO« is passed into the flask to sweep the liberated chlorine into the iodide 
solution. The sample is boiled until nearly one-third its volume has distilled 
into the receiver. The liberated iodine is titrated with standard thiosulphate. 
One cc. N/10 Nai8>Oi -0.00396 gram Se or 0.006375 gram Te. 

‘Te is l)egt precipitated 1^ SOi gas in a 20-30% HCl solution and the strong 
(80%) HCl solution from the 8e precipitation ts best neutralized to 25-30%, by the 
use of ammonia. 
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SI, at. wf.28.0S;«p.«rr. amor. 8.00.; crys. 2.49; m.p. 1420° C.; oxides SIO, SIO, 


DETECTION 

The finely ground sample together with a small quantity of powdered calcium 
fluoride is placed in a small lead cup 1 cm. in diameter and depth (see Fig. 
58), and a few drops of concentrated sulphuric acid added, 
a small aperture, is placed on the cup, and the opening 
covered with a piece of moistened black filter paix-T. 

Upon this paper is placed a moistened pad of ordinary 
filter paper. The cup is now gently heated on the steam 
bath. At the end of about ten minutes a white deijosit 
will lie found on the under side of the black paper, at the 
opening in the cover, if an appreciable amount of silica is 
present in the material tc.sled. 

A silicate, fused with sodium carbonate or bicarbonate in a platinum dish 
and the carbomite decompo.sed by addition of hydrochloric acid with subsequent 
evaporation to dryness, will literate silicon as silicic anhydride, SiOj. The 
silica placed in a platinum dish is volatilized by addition of hydrofluoric acid, 
the gaseous silicon fluoride being formed. A drop of water placed in a platinum 
loop, held in the fumes of SiF,, will become cloudy owing to the formation of 
gelatinous silicic acid and fluosilicic acid, 

3SiF,+3H20 = II,SiO,+2lI,SiF,. 

If a silicate is fused in a platinum loop with microcosmic salt, the silica floats 
around in the bead, producing an opa<iue bead with weblike structure upon cooling. 


A lead cover, with 



ESTIMATION 

The gravimetric procedure is the only satisfactory method for the estimation 
of silica. The substance in which the element is combined as an oxide or’as a 
silicate is decomposed by acid treatment or by fusion with an alkali carbonate 
or bicarbonate, the material taken to dryness with addition of hydrochloric acid, 
whereby the compound silica is liberated. If other elements are present the 
silica is volatilized by addition of hydrofluoric acid and estimated by the loss 
of weight of the residue. 

The element silicon has no important application. Its use for electrical 
resistance has been suggested. A rod 10 cm. long with cross section of 40 8q.mm. 
has a resistance of 200 ohms against a carbon rod of the same dimensions of 0.15 

Chapter contributed by Wilfred W. Scott. 
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Impure silica finds use in fluxes in manufacture of glass; pure silica for 
lanufacture of silica ware. With caustic it forms an adherent sodium 
e. Silicon carbide, carborundum, is used for refractory purposes, fire 
zinc muffles, cuke ovens. Crystolon, the crystalline form, is used as an 
ive, in making grinding wheels, sharpening stones, etc. 

>mbined as SiOf and in silicates the element is very widely distributed in 
3 and is a required constituent in practically every complete analysis of 
minerals, soils, etc. It is present in certain alloys, ferro-silicon, silicon 
le, etc. 

le element is scarcely attacked by single acids, but is acted upon by nitric- 
fluoric acid mixture. It dissolves in strong alkali solutions. Silica is 
iposed by hydrofluoric acid and by fusion with the fixed alkali carbonates 
Iroxides. 


Preparation and Solution of the Sample 

meral Considerations. The natural and artificially prepared silicates may 
>uped under two classes: 1. Those which are decomposed by acids. 2. 
es not decomposed by acids. The minerals datolite, natrolite, olivine 
lany basic slags are representative of the first class, and feldspar, ortho¬ 
pumice and serpentine are representative of silicates not decomposed by 
(See more complete list under List of More Important Silicates, page 433.) 
rst division simply require an acid treatment to isolate the silica, the latter 
equire fusion with a suitable flux. 

technical analysis, in cases where great accuracy is not required, the residue 
nng, after certain conventional treatments with acids, is classed as silica, 
nay consist of fairly pure silica or a mixture of silica, undecomposed sili- 
barium sulphate and certain acid insoluble compounds. For accurate 
les this insoluble re.siduc is not accepted as pure silica, unless impurities, 
are apt to be found with the silica residue, are known to be absent from the 
ial under examination. 

though the procedure for isolation of silica is comparatively simple, errors 
rise from the folloiving causes: 

Imperfect decomposition of the silicate. 

Loss of the silica by spurting when acid is added to the carbonate fusion. 
Slight solubility of silica, even after dehydration, especially in presence 
ium chloride and magnesia. 

Loss due to imperfect transfer of the residue to the filter paper. 

Mechanical loss during ignition of the filter and during the blasting, due 
draft whirling out the fine, light silica powder from the crucible. 

Error due to additional silica from contaminated reagents or from the porce- 
ishes or glassware in which the solution was evaporated. A blank of 0.01% 
9 sodium carbonate will make an error of 0.1% per gram sample in an 
jy fusion where 10 grams of the flux are required. 

Error due to loss of weight of the platinum crucible during the blasting. 
Incomplete removal of water, which is held tenaciously by the silica, 
ermore, weighing of the residue should be done quickly, as the finely divided 
tends to absorb moisture. 

fo general procedures will be given for treatment of the acid decomposa- 
id undecomposable silicates. It is frequently advisable to use these two 
lures in conjunction, extracting the material first with acid, and then fusing 
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the insoluble residue with sodium carbonate; this procedure is used when a 
gritty residue remains after the acid extraction. Following the general procedures 
for decomposition of silicates, certain special methods will be given. 

List of Most Important Silicates. Silicates decomposed by acids. Allanite; aljo- 
phane; analcitc; botryolito; brewsterite; calamine; chabasite; croustedtitite; datohtc 
(hydrated silicate and borate of Ca with A1 and Mg); dioptase; culytite; midolin- 
ite; gahlenite; helvite; ilvaite (silicate ferrous and feme iron with AljOi, C^) and 
M^)); laumonite; melinite; natrolite (hydrated silicate of A1 and Na with Fe and 
CaO): okenito: olivine (silicate of Fe and Mg); pectolite; prehenito (hydrated A1 and 
Ca silicate with Fe, Mn, K, Na, etc.); teproite; wemerite; woolastonite; zeolite. 

Silicates undecomposed by acids. Albite; audalusite; augite; axmite; beryl; 
carfiholite; cyanite: diallagc, cpidote (silicate of Fe, A1 and Ca with FeO, Mn, Mg, 
K, Na); euclasc; feldpsar (silicate of K, Na, Al, Fe, Ca and Mg); garnet; lolite; 
laoradorite; (micas of K and Mg); orthoclase; potalite; pinite, prochloritc; pumice; 
serjientine; sillimanite, talc, topaz, tourmaline (FcjOi, Fe(), Mn, Al, Ca, Mg, K, Na, 
Li, SiOj, l^Oj, PjOt, F'); vesuvianite. 

Preparation of the Substance for Decomposition 

If the material is an ore or mineral it is placed on a steel plate within a steel 
ring and broken down by means of a hardened haimncr to small lumps and finally 
to a coarse powder. A quartered portion of this is air dried and ground as fine 
as possible in an agate mortar and preserved in a glass-stoppered bottle for 
analysis. 

Analyses are based on this air-dried sample. If moisture is desired it may be 
determined on a large sample of the original material. Hygroscopic moisture 
is determined on the ground, air-dried sample, by heating for an hour at 105 
to 107° C. 

Decomposition of the Material, General Procedures 

Silicates Decomposed by Acids 

Acid extraction of the silicates, 0.5 to 1 gram of the finely pulverized 
material placed in a beaker or casserole is treated with 10 to 15 cc. of water and 
stirred thoroughly to wet the powder.* It is now treated with .50 to 100 cc. of 
strong hydrochloric acid and digested on the water bath for fifteen or twenty 
minutes with the beaker or casserole covered by a watch-glass. If there is 
evidence of sulphides (pyrites), etc., 10 to 15 cc. of concentrated nitric acid are 
now added and the containing vessel again covered. After the reaction has 
subsided, the glass cover is raised by means of riders and the mixture evaporated 
to dryness on the water bath. (This evaporation may be hastened by u^g a 
sand bath, boiling down to small bulk at comparatively high temperature, then 
to drsmess on the water bath. Decomposition is complete if no gritty particles 
remain. A flocculent residue will often separate out during the digestion, due 
to partially dehydrated ■ silicic acid, hydrated silicic acid, SifOH), is held in 
solution.) The silicic acid is converted to silica, SiO«, the residue taken up with 
dilute hydrochloric acid, silica filtered off, washed with water acidified with hydro¬ 
chloric acid, and estimated according to the procedure given later. 

‘Water is added to the sample and then acid, as strong acid added directly woidd 
cause partial separation of gelatinous silicic acid, which would fonn a covermg on the 
undecomposed particles, protecting them from the action of the acid. 
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Silicates Not Decomposed by Acids 

Fmton with Sodium Carbonate or Sodium Bicarbonate. 0.5 to 1 gram 
of the air-dried, pulverized sample is placed in a large platinum crucible or dish 
in which has been placed about 5 grams of anhydrous sodium carbonate. The 
sample is thoroughly mixed with the carbonate by stirring with a dry glass rod, 
from which the adhering particles are brushed into the crucible. A little car¬ 
bonate is sprinkled on the top of the mixture and the receptacle covered. It 
is heated to dull redness for five minutes and then gradually heated up to the 
full capacity of a Mdker burner. When the mix has melted to a quite clear liquid, 
which generally is accomplished with twenty minutes of strong heating, a platinum 
wire with a coil on the immersed end is inserted in the molten mass, and this 
allowed to cool. The fu.sion is removed by gently heating the crucible until the 
outside of the mass has melted, when the charge is lifted out on the wire, and after 
cooling disintegrated by placing it in a beaker containing alwut 75 cc. dilute HCl 
(1 part HCl to 2 parts fljO), covering the l)eaker to prevent loss by spattering. 
The crucible and lid are cleaned with dilute hydrochloric acid, adding this acid 
to the main solution. When the disintegration is complete, the solution is 
evaporated to dryness and silica is estimated aceording to directions given later. 

If decomposition is incomplete, gritty material will be found in the beaker 
upon treatment of the fusion with dilute acid. If this is the ease, it should be 
filtered off and fused with a second portion of sodium carbonate, and the fusion 
treated as directed above. 

Notes. Fusions with soluble carbonates are generally best effected with the 
sodium salt, except in fusions of niobates, tantalates, tungstates, where the potas¬ 
sium salt is preferred on account of the greater solubility of the pota.ssium compounds. 
Sodium alone bas an advantage over the mixed carbonates, Na 2 t;(),+K.,C(),j as silica 
has a high melting-point and a fltix, which fuses at 810“ is more apt to cause dis¬ 
integration of the silicate than the mixture, which melts at 690° C. 

Prolonged blasting is undesirable, ns it renders the fusion less soluble. Aluminum 
and iron are also rendered difficultly soluble, when their oxides arc heated to a high 
temperature for some time. 

If the melt is green, it is best to dissolve out the adhering melt from the crucible 
with dilute nitric acid, ns a manganate (indicated by the color), if present, will evolve 
free chlorine by its action on HCl and this would attack the platinum. 

Fluorides.' In presence of fluorides the melt is extracted with water (an 
acid extraction would volatilize some of the silica), and the extract filtered off 
from the insoluble carbonates. To the filtrate is added about 5 grams of solid 
ammonium earbonate, and the mix warmed to 40“ C. and allowed to stand for 
several hours. The greater part of the silica is precipitated. This is filtered off 
and washed with water containing ammonium carbonate. Preserve this with 
the insoluble carbonate for later treatment. • The filtrate, containing small 
amounts of silicic acid, is treated with 1 to 2 cc. of ammoniacal zinc oxide solu¬ 
tion (made by dissolving C.P. moist zinc oxide in ammonia water). The mix¬ 
ture is boiled to expel ammonia and the precipitate of zinc silicate filtered off. 
The p^recipitate is washed into a beaker through a hole made in the filter, and the 
adhering material dissolved off with dilute HCl, enough being added to dissolve 
the remaining residue. This is evaporated to dryness and silica separated as 
usual. Meantime the insoluble carbonate is dissolved with HCl, evaporated to 

* Sodium bicarbonate may be used in place of the carbonate with excellent results. 
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dryness and a^y silica it contains recovered. Finally all three portions of 
silica are combined, ignited and silica estimated as usual. 

Special Procedures for Decomposing the Sample 

Treatment of Iron and Steel for Silica. One gram of pig-iron castings, 
or 5 grams of steel are taken for analysis, both the fine and coarse drillings being 
taken in about equal proportion. (Fine particles contain more silicon than 
the coarse chips.) Twenty to 50 cc. of dilute nitric acid (sp.gr. 1.135) are added 
to the sample in a 250-cc. beaker or small casserole, and this covered. If the 
action is violent, cooling, by placing the beaker in cold water until the violent 
action has subsided, is advisable. Twenty cc. of 50% sulphuric acid are added 
and the solution evaiK)rated on the hot plate to SOj fumes. After C(x>ling, 
150 cc. of water are added and 2 to 5 cc. dilute sulphuric acid. The mixture is 
heated until the iron completely dissolves and the silica is filtered off onto an 
ashless filter, wa.shed with hot dilute hj’drocliloric acid (sp.gr. 1.1), and with 
hot water until free from iron. The residue is ignited and the silica estimated 
according to the procedure given later. 

Pig iron and cast iron may bo decomposed by digestion with a mixture of 8 parts 
by volume of HNO, (sp.gr. 1.42), 5 parts of lIjSO, (sp.gr. 1.84), and 17 parts of water. 

Steel and wrought iron may be disintegrated by a mixture of 8 parts by volume 
of HNOs (sp.gr. 1.42), 4 parts HjSOi (1.84), and 15 volumes of water. 

Ferro Silicons. Dilute hydrochloric acid, 1 volume of acid (sp.gr. 1.19), 
with 2 volumes of Wiiter is a better solvent than the strong acid. 

Steels Containing Tungsten, Chromium, Vanadium and Molybdenum, 
husion with potassium acid sulphate, KHSO,, in a platinum dish, or sodium per¬ 
oxide in a nickel crucible will generally dccomiwse the material. Sodium per¬ 
oxide is of special value in decomposing chromium alloys. 

Silicon Carbide, Carborundum. This is best brought into solution by 
fusion with potassium hydroxide in a nickel crucible. Sulphuric, hydrochloric, 
nitric acids, or aqua regia have no effect upon this refractory material. 

Sulphides, Iron P 3 rrites, etc. These require oxidation with strong nitric acid or 
a mixture of bromine and carbon tetrachloride, followed by nitric, exactly accord¬ 
ing to the procedure given for solution of pyrites in the determination of sulphur. 
The sample Is taken to dryness and then hydrochloric acid added and the solution 
again evaporated. The residue is dehydrated and silica determined as usual. 

Slags and Roasted Ores. Digestion with hydrochloric acid according to the 
first general procedure is best. The addition of nitric acid to decompose sul¬ 
phides may be nece.ssary. • 

Decomposition of silicates by fusion with lead oxide (method of Jannasch), 
and calcium carbonate and ammonium chloride (method of Ililicbrand), are of 
value when sodium is desired on the same sample. The procedures are given 
under chapters on Sodium and Potassium. 

Note. KsCO< is preferred to Na»CO, for fusion of tungstates, niobates and tan- 
talates on accoimt of the neater solubility of the potassium salts. For corundum 
and alumina silicates NajCOj is preferred as double salt of potassium and aluminum 
are less soluble than the sodium salt.* 

Fluorides of silicon are fused with boric acid, BFa is volatilized, SiF, is not formed. 
P. Jannasch,* 

‘ J. L. Smith, Am. Jour. Sci. (2),’40, 248, 1865. C. N., 12, 220, 1865. 

«Ber., 28, 2822, 1896. 
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PROCEDURE FOR THE DETERMINATION OF SILICON 

AND SILICA 

As has been stated, the gravimetric method for determination of silica 
is the only satisfactory procedure for estimation of this substance. The oxida¬ 
tion of the element and its isolation have been dealt with in the section Prepara¬ 
tion and Solution of the Sample. The following directions are for purification 
and final weighing of the element in the form of its oxide, silica, SiOi. 

Extraction of the Residue—^First Evaporation. The residue, obtained 
by evaporation of the material after decomposition of the silicate, by acids or by 
fusion, as the case required, is treated with 15-26 cc. of hydrochloric acid (sp.gr. 
1.1) covered and heated on the water bath 10 minutes. After diluting with an 
equal volume of water, filtration is proceeded with immediately, and the silica 
is washed with a hot solution consisting of 5 cc. hydrochloric acid (sp.gr. 1.2) 
to 95 cc. of water and finaiiy with water. This filtration may be performed 
with suction. The filtrate and washings are evaporated to small volume on a 
sand bath and then to dryness. This contains the silica that dissolved in tlio 
first extraction. 

Second Evaporation. The residue obtained from evaporation of the filtrate 
is dehydrated for 2 hours at 105-110° C.‘ and extracted with 10 cc. of hydrochloric 
acid (sp.gr. 1.1) covered and heated on the water bath for ten minutes diluted to 
50 cc. with cold water and filtered immediately, without suction. The residue is 
washed with cold water containing 1 cc. concentrated hydrochloric acid to 99 cc. 
water, the washed residue containing practically all* the silica, that went into solu¬ 
tion in the first extraction, is combined with the main silica residue. This is gently 
heated in a platinum crucible until the filters are thoroughly charred, and then 
ignited more strongly to destroy the filter carbon and finally blasted over a Mdker 
burner for at least thirty minutes, or to constant weight, the crucible being covered. 
After cooling the silica is weighed. For many practical purjx)8cs this residue is 
accepted as silica, unless it is highly colored. For more accurate work, especially 
where contamination is suspect^ (silica should bo white), this residue is treated 
further. 

Estimation of True Silica. Silica may be contaminated with BaS 04 , Ti02, 
AhOi, FeiOi, PiOj combined (traces of certain rare elements may be present^ 
Tlie weighed residue is treated with 3 cc. of water, followed by several drops of 
concentrated sulphuric acid and 5 cc. of hydrofluoric acid, HF (hood). After 
evaporation to dryness, the crucible is heated to redness and again cooled and 
weired. The loss of weight represents silica, 8iOj.» 

* Dehydration of silica is aided by the presence of lime and retarded by magnesia. 
In presence of the latter a soluble magnesium silicate will form if the dehydiation 
is conducted at a temperature much above 110° C., hence it is better to avoid this 
by taking more time and heating to 100 or 105° as recommended. 

Sodium chloride has a solvent action on silic^ the reaction of HCl on sodium 
silicate being reversible; 2 HCl-t-Na 28 iO|t=r 2 NaCl-l-HiSiOi. An evaporation of 
the filtrate to dryness will recover the greater part of the silica thus dissolved. 

• • Not more than 0.1% of the original SiOi may still be in solution. 

• Silicic acid cannot be oompletdy dehydrated by a single evaporation and heating, 
nor by several such treatments, unless an intermediate filtration of silica is made. 
If, however, tilica is removed and the filtrate again evaporated to dryness and the 
residue heat^, the amount of silica remaining in the acid extract is n^ligible. (See 
Article by Dr. W. F. Hillebrand, Jour. Am. Soc., 24.) 
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Noteb. Lenher and Truog make the following observations for determining silica:' 

1. _ In the sodium carbonate fusion method with silicates, there is always a non¬ 
volatile residue when the silica is volatilised with hydrofluoric and sulphuric acids. 

2. The non-volatile residue contains the various bases, and should be fused with 
sodium carbonate and added to the filtrate from the silica when the bases are to be 
determined. 

3. In the dehydration of the silica from the hydrochloric acid treatment of the 
fusion, the temperature should never be allowed to go above 110°. 

_ 4. Dehydrated silica is appreciably soluble in hydrochloric acid of all strengths. 
With the dilute acid usedj this error is almost nedigible. 

6. Dehydrated silica is slightly soluble in smutions of the alkaline chlorides. As 
sodium chloride is always present from the sodium carixinate fusion, an inherent error 
is obviously thus introduced. 

6. The dehydrated silica along with the mass of anhydrous chlorides must not be 
treated first with water, since hydrolysis causes the formation of insoluble basic chlorides 
of iron and aluminum, which do not dissolve completely in hydrochloric acid. 

7. Hydrochloric acid (sp.n. 1.1) in minimum amount should he used first to wet 
the dehydrated chlorides and should be followed by water to bring the volume to 
about 50 cc., after which the silica should be filtered off as quickly as possible. 

8. Pure silica comes quickly to constant weight on ignition. Slightly impure 
silica frequently requires long heating with the blast flame in order to attain constant 
weight, and is then common’y hydroscopic. 

9. Evaporations of the acidulated fusion in porcelain give practically as good results 
as when platinum is u.scd. 

10. Filtration of the main bulk of the silica after one evaporation is desirable, inas¬ 
much as the silica is removed at once from the .solutions which act as solvents. 

11. Dehydration of the silica under reduced pressure has no advantages over the 
common evaporation at ordinary atmospheric pressure. 

12. Excessive time of dehydration, viz., four hours, possesses no advantage. 

13. Excessive amounts of sodium carbonate should be avoided, since the sodium 
chloride subsequently formed exerts a solvent action on the silica. The liest propor¬ 
tions are 4-6 sodium carbonate to 1 of .silicate. Ijcss than 4 parts of sodium carbonate 
is frequently insufficient completely to decompose many silicates. 

14. The non-volatile residue has lieen found to be invariably free from sodium. 
Pure silica, on fusion with sodium carbonate, subsequently gives no non-volatile residue. 


ANALYSIS OF SILICATE OF SODA 
Determination of Na20 

Five grams of the sample are dissolved in about 150 cc. of water and heated; 
1 cc. of phenolphthalein is added and then an excess of standard sulphuric acid 
from a burette. The excess acid is titrated with standard sodium hydroxide 
to a permanent pink. 

H8SO4X0.6321 =Na,0. 

Silica. Ten grams of the sample are acidified with hydrochloric acid and 
evaporated to dryness on the steam bath. The treatment is repeated with addi¬ 
tional hydrochloric acid and then the residue taken up with 5 cc. of the acid and 
200 cc. of water. The residue is digested to dissolve the soluble salts, filtered, 
washed and ignited. Silica is determined by loss of weight by volatilization 
of the silica with hydrofluoric and sulphuric acids. The filtrate is made to 1 liter. 

Iron and Alumina. Five hundr^ cc. (5 grams) of the filtrate from the silica 
determination are oxidized with HNOi and the iron and alumina precipitated 
with ammonia, washed, ignited and weighed as AljO» and Fe»0|. The residue 
is dissolved by digestion with hydrochloric acid or by fusion with sodium acid 
* Victor Lenher and Emil Truog, Jour. Am. Cbem. Soo., M, 1060, May, 1916. 
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sulphate, and subsequent solution in hydrochloric acid. Iron is determined by 
titration in a hot hydrochloric acid solution with standard stannous chloride, 
SnCli, solution as usual. If only a small amount of precipitate of iron and 
alumina is present, as is generally the case, solution by hydrochloric acid is prefer¬ 
able to the fusion with the acid sulphate. The latter is used with larger amounts 
of the oxides. 

Lime, CaO. This is determined in the filtrate from iron and alumina by 
precipitation as the oxalate and ignition to CaO. 

Magnesia, MgO. This is detetmined in the filtrate from lime by precipita¬ 
tion with sodium ammonium phosphate. The precipitate is ignited and weighed 
as MgjPjOr and calculated to M^. PrecipitateX0.3621 =MgO. 

Combined Sulphuric Acid. One hundred cc. of the filtrate from the silica 
determination (= 1 gram) is treated with BaCU solution and sulphuric acid 
precipitated as BaSO,. 

BaSO, X0.4202 = H,SO, or X0.3430 = SO,. 

Sodium Chloride. Ten grams of the silicate of soda arc dissolved in 100 cc. 
of water and made acid with HNO, in slight excess and then alkaline with MgO. 
Cl is titrated with standard AgNO, solution. 

Water. This is detemiined either by difference or by taking 10 grams to 
dryness and then heating over a flame and blasting to constant weight. 

Note. For detailed procedures for each of the above see special subject. 

ANALYSIS OF SAND, COMMERCIAL VALUATION 

Silica. Two grams of the finely ground material are fused in a platinum cru¬ 
cible with 10 grams of fusion mixture (KjCOa-l-NasCO,) by heating first over a 
low flame and gradually increasing the heat to the full blast «)f a M6ker blast 
lamp. When the fusion has become clear it is cooled by pouring on a largo plati¬ 
num cover. The fused mass on the cover and that remaining in the platinum 
crucible are digested in a covered beaker with hot hydrochloric acid on the steam 
bath. The solution is now evaporated to dryness, taken up with a little water 
and 25 cc. of concentrated HCl and again taken to dryness. Silica is now deter¬ 
mined by the procedure outlined under the general method on page 436. !•■ ■/ 

Ferric Oxide and Alumina. The filtrate is oxidized with crystals of solid 
potassium chlorate, KCIO,, and iron and aluminum hydroxides precipitated 
with ammonia. The precipitate is filtered, washed, ignited and weighed as 
AltO,-l-FeiOi. 

Clsdcium Oxide. To the ammoniacal filtrate 10 cc. of ammonium oxalate 
solution are added, the solution heated to boiling and the precipitate allowed 
to settle until cold. The solution should not be over 200 cc. The calcium 
oxalate is filtered off, washed and ignited. The residue is weighed as CaO. 

Magnesium Oxide. The filtrate from the lime is made strongly ammoniacal 
and 10 cc. of sodium ammonium phosphate added. The solution during the 
addition is allowed to stand cold for some time, three to four hours. The pre¬ 
cipitate is filtered and washed with dilute ammonia (1 of reagent to 3 parts of 
water), then ignited and weighed as Mg,PsOj. This weight multiplied by 
0.3621 -MgO. 

For more detailed directions see the individual subjects under the chapters 
devoted to the element. 
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Silicon in Cast Iron and Steel 

One gram of pig iron, cost iron, and high silicon iron, or 5 grams of steel, 
wrought iron, and low silicon iron are taken for analysis. (By taking multiples 
of the factor weight 0.4693, SiOj to Si, the final calculation is simplified.) The 
sample is placed in a 250-cc. beaker and 20 to 50 cc. of dilute nitric acid added. 
If the action is violent, cooling the beaker in water is advisable. When the 
reaction subsides, 20 cc. of dilute sulphuric acid, 1 : 1, are added, the mixture 
placed on the hot plate and evaporated to dense white fumes. The residue 
is taken up with 150 cc. of water containing 2 to 5 cc of sulphuric acid and 
heated until the iron completely dissolves. 

The solution is filtered and the silica residue washed first with hot dilute 
hydrochloric acid, sp.gr. 1.1, and then with hot water added in small portions 
to remove the iron sulphate. The residue is now ignited and weighed as silica. 

Note. If the ash is colored by iron oxide, silica is determined by difference, 
after expelling the silica by adding 4 to 5 cc. of hydrofluoric acid and a few drops of 
sulphuric, taking to dryness and igniting the residue. 

The following acid mixtures are recommended Ijy the U. P. Ry. For steel, wrought 
iron and low silicon iron, 8 parts by volume of IlNO>, sp.gr. 1.42; 4 parts of cone. 
HjSOj, sp.gr. 1.84; 6 parts IICI, sp.gr. 1.2 and 15 parts by volume of water. 

Silicon in Ferro Silicon 

Decompose the alloy with Eschkas mixture (NajCOs-MgO) fusing in a 
platinum (or nickel) crucible. Dissolve the fusion in HCl and evaporate to 
dryness. Bake the residue at 135° and take up with HCl and water, h’ilter, 
wash and ignite to SiOj. If titanium is present make a cold acid extraction 
and digest for one hour with dilute HCl. Take to fumes with 2 cc. H^04- 
Take up with water, filter, wash and ignite residue to SiOj. 

SiO2X0.4C93 = Si 


Causes of Error in Silica Determinations 

F. G. Hawley (Min. Eng. Jour., March 31, 1917) states the following: 

It has Ijeen shown that there arc three main sources of error in the method com¬ 
monly used for the determination of silica: A plus error from the small amount of SiOj 
from the flux; another plus error due to impurities retained by the SiOj; and a minus 
error due to the solubility of SiOs in HCl. 

By far the largest and most troublesome error is the one due to the solubility of 
the SiOj in the HCl. This error is much greater than most chemists realize. 

The amount of freshly precipitated SiO* that dissolves in HCl, depends on the 
following conditions: First, the amount of acid present: ^cond, the strength «f the 
acid; third, the temperature: and fourth, the length of time the silica is in contact 
with the acid. There may lie other conditions governing the solubility of SiOj in 
HCl, but these seem to be the principal ones. By far the most important is the amount 
of acid used. 

Most chemists use acid of about the same strength to treat the dehydrated 
and the assays are brought to a boil, insuring the same temperature, and are 
for a fairly uniform len^h of time. Few, however, consider the importance of urang 
a definite amount of acid. It seems to lie a prevalent idea that the amount of nlica 
dissolved by the acid solution is proportional to the amount of SiOt in the sample. 
When a small bulk of acid is used, this is certainly not the case. Experiments prove 
clearly that when a small amount of SiOj is present, the amount dissolved is pro¬ 
portion^ to the quantity of acid solution present and not to the amount of SiOi in 
the sample. 


sihea. 

boiled 
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Recommended Procedure for Silica (Hawley’s Method) 

A modification of the peroxide method, as tised for routine work, is as follows: 
Weigh 0.5 gram of pulp into a 30 co. nickel crucible and add one scoopful (about 4 
grams) of flux commsed of equal parts of sodium peroxide and sodium hyctoxide. 
Mix tne pulp and flux, and if the sample is known to contain over 50% of SiOi put 
on a cover to prevent loss. Fuse at a low temperature, beginning much below redness 
and increasing very slowly until a dull red is reached. 

When the fusions are made as desciilied the nickel crucibles can be used from 
20 to 40 times, but if the temperature is too high, or if there is too much sodium peroxide 
in the flux, they will burn out much quicker. 

Remove the crucibles and partly cool: place in 4-in. casseroles, and cover the 
crucibles with 2-in. watch glasses so placed tnat a slight opening is left on one side. 
Throu^ this opening ^uirt in 2 or 3 cc. of warm distilled water from a wash bottle. 
This should start a vigorous reaction lietween the water and the flux. As soon as 
the action has somewhat diminished add 3 or 4 cc. more water and continue to do this 
until the fused mass is disintegrated. Toward the end the water should be added 
with enough force to thoroughly stir the contents. If the crucible gets too cold or the 
water is not hot enough, the action may cease before the melt is loosened from the 
crucible; and if too hot the contents may boil over. With a little practice the right 
conditions are readily found. As soon as the action ceases and the crucible is a little 
over half full, rinse off the watch glass and from a large burette add about 10 cc. of 
60% HCl in small portions so as to avoid too violent reaction; then add 90% JICl 
until it is in excess. The crucible should now be about full and everything in solution 
except possibly a little gelatinous silica. 

With the flnrars or platinum-tipped tonm, remove the crucible, rinse, and place 
the casserole on the hot plate to evaporate. No harm is done if it boils gently at first. 
When about half evaporated, place the casserole on an iron or aluminum ring so made 
that the bottom of the casserole is kept about one-quarter inch above the not plate. 
These rings are very beneficial in preventing spitting. When the residue has become 
dry, cover with a watch doss and bake at about 125° C. for 30 min.; remove and when 
cool add 15 cc. of 00% HCl and turn alxiut so as to moisten all parts of the residue. 
Allow to stand a short time and then put on the hot plate, and with cover still on, 
boil for 3 min. Remove and allow to cool, rinse the sides down with the minimum 
amount of warm distilled water, and swirl around to loosen any crust still adhering 
to the sides. The NaCl docs not all dissolve, but will readily do so in the wash water. 

It is very necessary that the casserole should not bo heated after rinsing down the 
sides with water. After standing a few minutes, transfer the contents to a filter and 
wash twice with warm water; then once with hot dilute HCl and add a little to the 
casserole. Rub the sides and bottom of the casserole to loosen any adhering SiOi 
and rinse into the filter. This SiOj is ground rather fine by the rubbing and has a 
tendency to clog the filter, hence it is better to add this after the main portion has 
been partly washed. Wash the filter twice amiin with water, place in a crucible, pi^Iy 
dry, and ignite strongly for ten minutes. Weigh the SiO» as roon as cool, for it is 
hygroscopic. A correction is now made for the SiOj lost in solution, which under these 
conditions will amount to about 0.4%. A deduction is made for impurities in the 
SiOf and the SiOj from the flux. Tlicse gains about balance the solubility loss. Occa¬ 
sional tests should be made to check these losses and gains. 
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Ag, atMt, 107.88; »p. gr. 10.50-10.57; m.p. 960.5° C.; b.p. about 1950° C.; 
oxides, AgiO, Ag«0, AgaOt 

DETECTION 

A trace of silver in most substances is detected with greatest certainty by 
furnace assay methods. 

The wet method of detection of silver most commonly practiced, depends upon 
observation of the properties of the precipitate formed by the addition of a not 
excessive amount of alkaline chloride to a cold nitric or sulphuric acid solution of 
the substance undergoing examination. One-tenth milligram of silver precipi¬ 
tated as silver chloride in a cold 200-cc. acid solution gives a very perceptible 
opalescence to the liquid. 

Silver chloride is white when freshly precipitated, tinted pink when palladium 
is present; in colorless liquids on exposure to light turns brown, violet, blue or 
black. By agitation, heating or long standing the precipitate becomes coagulated 
or granular and in such a state is retained by an ordinary filter. The presence of 
some forms of organic matter prevents coagulation. 

Silver chloride is dissolved by concentrated hydrochloric acid; raising the tem¬ 
perature of the acid as8i.sts the action. It is dissolved by sodium thiosulphate, 
alkali cyanides, mercuric nitrate, and alkaline chlorides. 

From mercurous chloride, silver chloride, except when constituting a small 
proportion of the precipitate, is distinguished by its solubility without decomposi¬ 
tion in ammonia. Precipitation from its ammoniacal solution is accomplished by 
acidifying. Lead chloride, precipitable also by hydrochloric acid, is not flocculent, 
does not coagulate, but dissolves quite freely by heating. Addition of hydro¬ 
chloric acid to a solution of silicon, tellurium, thallium, tungsten or molybdenum 
may produce a precipitate, in each case, easily distinguishable from that of silver 
chloride, but may mask traces of the salt. 

Silver, in a cold solution containing free nitric acid, only a small amount of 
colored salts and no mercury, may be detected through the formation of a white 
precipitate, similar in appearance to silver chloride, by tuidition of a .slight 
excess of an alkaline thiocyanate. 

When a solution of silver salt is added to a mixture of 20 cc. ammonium 
salicylate (20 gr.-.ms. salicylic acid neutralized with ammonia, a slight excess added 
and the whole made up to 1000 cc.) and 20 cc. of a 6% solution of ammonium per¬ 
sulphate added, an intefise brown color is produced, which will detect the presence 
of a 0.01 milligram of silver. Lead does not affect the test. 

When it appears that the chloride or thiocyanate test for silver is not positive 
on account of the presence of other precipitable elements, the precipitate, after it 

Chapter contributed by W. G. Derby. 
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settles, is filtered through the finest quality of paper, and the mixture of the ash of 
the incinerated filter with dry potassium carbonate heated on charcoal with a 
mouth blowpipe. If silver is present and not associated with a large amount of 
palladium, there will be found on the charcoal pellicles of the color characteristic 
of silver, which have no white or yellow sublimate when melted in the oxidizing 
flame of the blowpipe. The pink palladium salts of silver precipitated by a chloride 
or thiocyanate before the blowpipe produces metal which is dull in appearance and 
not readily melted. 

Notes. Silver may be recognized in a solution of concentration 1 to 240,000 by 
the reduction of its salts with alkaline formaldehyde.* Whitby’s * method of detec¬ 
tion and estimation of small amounts of silver depends upon the formation of a 
yellow color through addition of sucrose and sodium hydrate. Ammonium hydrate 
interferes, but bismuth, cadmium, copper, mercury of either valence, lead or zinc, in 
amounts equal to that of the silver, do not.’ Malctcsta and DeNola add to the solu¬ 
tion to be tested a few drops of a solution of nitrate of chromium and then potassium 
hydrate to alkalinity. A brownish turbidity or black precipitate of silver oxide forms. 
1*00 limit of sensitiveness is 0.5 milligram in 100 cc. 

ESTIMATION 

Silver is determined in copper, lead, silver, sulphur or other ores, in copper and 
lead furnace by-products, and in lead by furnace assay methods, in which a prelim¬ 
inary acid treatment of the sample is rarely employed; in native copper«re, in 
copper, copper alloys, gold, gold alloys and in the slime from the electrolytic refin¬ 
ing of copper or lead by furnace methods, in which a preliminary acid treatment of 
the sample is employed, in silver alloys by volumetric or gravimetric methods; 
in mercury by a gravimetric method; in cyanide mill solution or solutions contain¬ 
ing much organic matter by furnace process on the residue obtained by evaporation 
or precipitation; in silver plating electrolyte by electrolysis. 

Solubility. Nitric acid, dilute or concentrated, attacks silver rapidly when hot. 
The presence of a soluble chloride, iodide or bromide in the solvent or substance 
will retard and may prevent solution. Unless oxidizing agents are present, dilute 
sulphuric acid has practically no action on massive silver, but hot, strong acid 
commences to be an active solvent at a concentration of 75% HiS 04 . Hydro¬ 
chloric acid attacks silver sinxjrficially. The action of alkaline hydrates or car¬ 
bonates in solution is inappreciable; in a state of fusion, slight. 

Furnace Assay Methods. These will be described in the chapter devoted to 
that subject. 

* Armani and Barboni, Zeit. Chem. Ind. Kolloide, 6, 290. 

*Zeit. Anorg. Ohom., 67, 62; C.A., 4, 1444. 

* Bull. Chim. Farm., 62, 533. 
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GRAVIMETRIC METHODS FOR THE DETERMINATION 

OF SILVER 

Precipitation as Silver Chloride * 

Introductory. Althougli silver might be determined as an iodide or 
bromide, the fact that these halides are more sensitive to light than the chloride, 
and decompose more readily, with liberation of the halide and the formation 
of sub-halides, has led to the precipitation of silver ivs the chloride. 

Reaction. AgNOa+HCl^ HNOs-f Aj/Cl. 

Reagents. Hydrochloric Acid. One volume of strong HCl (sp.gr. 1.19) 
diluted with five volumes of water (sp.gr. of dilute IICl 1.035); 1 cc. contains 
0.074 g. of HCl, equivalent to 0.219 g. of Ag. 

Nitric Acid. One volume of strong HNO 3 diluted with 1.6 volumes of 
water (sp.gr. of acid is 1.2); 1 cc. contains 0.38 g. of HNO3, which would 
dissolve 0.64 g. of Ag. 

1. Preparation of the Sample. Solution. Silver Alloys. Place 0.5-1.0 
gram of the alloy in an hirlenmeyer flask and add 5 cc. of the dilute nitric acid. 
Heat gently until the alloy is dissolved and the brown fumes are expelled. 
The solution is now diluted to about 100 cc. and the silver precipitated as 
stated below. 

Soluble Silver Salts. The salt is weighed into a weighing bottle; 1.0-2.0 
grams are sufficient for a determination. The solution is now diluted to 
about 100 cc. and the silver precipitated as stated below. 

The Halides of Silver. These are best brought into solution by fusion 
with about six times the weight of the sample of sodium carbonate. This 
converts the silver into the carbonate and the halide combines with sodium 
and is dissolved out in water. The silver carbonate is washed free of the halide 
and then dissolved out in dilute nitric acid. 

Ores of Silver. The.se may be brought into, solution by digestion with 
nitric acid, the residue remaining is treated as stated above under halides of 
silver. Unless the ore is very high in silver, it is preferable to make the analysis 
by Fire Assay. 

2. Precipitation of Silver Chloride. Heat the solution to boiling and add 
from a burette, drop by drop, 5 cc. of dilute hydrochloric acid. This is sufficient 
to precipitate over 1 gram of silver. The excess of acid is desired as the 
chloride is leas soluble in free hydrochloric acid. 

Note. The chloride is .soluble in strong hydrochloric acid, hence a large excess is 
undesirable. Shaking or vigorously stirring the mixture will clear a cloudy solution. 
This is necessary to coagulate the silver chloride, as the fine susiiendcd silver chloride 
will pass through the filter paper. 

3. Filtration: (Procedure if Filter Paper is Used). Decant the clear 
solution into the filter. Test the filtrate with a drop of dilute HCl to make 
sure all the silver is precipitated. Now wash two or three times by decanta¬ 
tion, using hot water containing 1 cc. of HNO3 per 100 cc. of distilled water. 
Transfer the silver salt to the filter and continue washing until free from 
chlorides. Six to eight additional washing should be sufficient. 

4. Dry the filter and silver salt in the oven at 100-110 degrees C. 

5. Remove as much of the silver chloride as possible from the paper, placing 
the salt on a glazed sheet of paper, covering it with a watch glass. 

‘ Contributed by Wilfred W. Scott. 
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6. Ignite the filter in a crucible (whose weight has been ascertained), 
then add to the ash a drop of nitric acid and a drop of hydrochloric acid. 
Heat gently to expel the acids. (Handle the-crucible with tongs. Do not 
place on the table.) 

7. Transfer the chloride from the glazed paper to the crucible and heat 
gently until the salt just begins to fuse on the sides of the crucible. 

8. Cool in a desiccator for fifteen to twenty minutes. 

9. Weigh as AgCl, making an allowance for the weight of the crucible. 
AgClXO.7526 gives the weight of Ag in the salt. 

10. Calculate the per cent silver from the weight of sample taken. 

3a. Procedure if a Gooch Crucible is Used. Prepare a Gooch crucible 
with a fairly thick pad of asbestos fibre (1/8 in. thick). Wash once wth 
alcohol and dry to constant weight at 110 degrees C. Keep a record of the 
weight. 

4a. Wash the precipitate by decantation, pouring the washings through 
the Gooch, with application of suction. Transfer the chloride to the crucible 
and wash free of chlorides. 

6a. Finally wash once with alcohol and dry at 110 degrees C. to constant 
weight. 

6a. Calculate the percentage of silver as directed in the first method. 

Notes. Solubility of the silver halides. Milligrams of salt jwr 100 cc. of water. 
AgCl 0.00017; AgBr 0.00004; Agl 0.00001. 

Interferences. Antimony, mercury, and lead interfere and should be removed 
if present. 

Paper is separated in the first procedure as the carl)un reduces the salt to metallic 
silver, causing low results. 

Oooeh. If the asbestos fibre is poor, a loss of the fibre will occur during washing of 
the precipitate, causing low results. 

Light. Strong light will affect the salt causing the formation of the subholidc of 
silver and the liberation of chlorine. A drop of nitric followed by a drop of hydrochloric 
acid will restore the original form. This treatment is necessary only when a dark- 
colored salt is obtained by light action. 

Large Samples. It is frequently advisable to dissolve larger samples than stated. 
The solution is made to SOO cc. and a portion taken for analysis. 

Solubility. Nitric acid', dilute or concentrated, attacks silver rapidly 
when hot. The presence of a soluble chloride, iodide or bromide in the solvent 
or substance will retard and may prevent solution. Unless oxidizing agents 
are present, dilute sulphuric acid has practically no action on massive silver, 
but hot, strong acid commences to be an active solvent at a concentration 
of 75% H 8 S 04 . Hydrochloric acid attacks silver superficially. The action of 
alkaline hydrates or carbonates in solution is inappreciable; in a state of 
fusion, slight. 
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Determination as Silver Cyanide 

In the analysis of mercury, the nitric acid solution of the metal is nearly neu¬ 
tralized with a solution of sodium carbonate. Potassium cyanide solution is then 
added until the precipitate, which first forms, is dissolved. Then under a hood 
with strong draft, dilute nitric acid is added in slight excess of the quantity required 
to combine with the base m the amount of potassium cyanide present. The 
precipitate of silver cyanide, practically insoluble in dilute nitric or hydrocyanic 
acid, is coagulated by stirring or long standing and filtered from the cold solution 
of mercuric nitrate by use of a tared paper-bottomed Gooch crucible. The pre¬ 
cipitate is washed with cold dilute nitric acid (1-10) until a test of the washings with 
hydrogen sulphide shows the absence of mercury. The crucible is dried at 100® 
to constant weight. 

AgCNX0.8057=Ag. 

Notes. Determination of silver as metal through precipitation with hjyophos- 
phorous acid ' as silver sulphide or as silver chromate ‘ are methods of doubtful 
technical application. 

Exner,* using a platinum dish ns the cathode and a 2-in. diameter bowl-shaped 
spiral anode revolving 700 K.P.M., dciiositcd 0.49:K) gram from about 12.5 cc. of a 
hot electrolyte containing 2 grams potassium cyanide in ten minutes at N.D.im 2 nm^. 

The above methods presume the absence of other metals precipitable under the 
conditions mentioned. 


Electrolytic Method ‘ 

According to the strength of the silver bath 10 or 20 cc. are filtered into a tared 
200-cc. platinum dish and according to the greater or smaller excess of cyanide 
present, i to 1 gram of potassium cyanide in solution is added. The electrolyte 
diluted to about a half inch from the edge of the dish is kept, by a flame under¬ 
neath, at a temperature of 60®-65° C. during the period of electrolysis at 
N.D.ioo=0.08 amp. 

Complete precipitation, which requires three to three and a half hours, is 
recognized by test with ammonium sulphide. Without interruption of the cur¬ 
rent, by use of a siphon, displacement of the electrolyte with water is accomplished. 
The dish is rinsed with alcohol and ether, dried at 100°, weighed and silver obtained 
calculated to grams per liter or cubic foot. 

Notes. Benner and Roas* deposit 0.1.5 gram in twenty minutes wHh a imrrent of 
3 amperes from 50 cc. of electrolyte containing 8 grams potassium cyanide and 2 grams 
potassium hydrate on a 9-gram platinum gauze cathode. 

»Z. anal. Chem., 48, 79. L. E. .Salas in communication with the author. • 

* Mawrow and Mollow, Zeit. anorg. Chem., 61, 96. 

’ Gooch and Bosworth, Am. J. Sci., 27, 241. 

« J. A. C. 8., Sept., 1903, 900. . „ „ 

• Langbein, “ Electro-Deposition of Metals, 6th Ed. 

•J. A. C.S., July, 1911, 1106. 
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VOLUMETRIC METHODS FOR DETERMINATION OF SILVER 
Volhard’s Thiocyanate Method ‘ 

This method is especially adapted to the determination of silver in cold 
dilute nitric acid solution. The method is based on the greater affinity of 
silver ions than ferric for thiocyanate ions. When the silver has been pre¬ 
cipitated as thiocyanate, the ferric indicator reacts with the thiocyanate pro¬ 
ducing the characteristic red color. 

Reactions: AgN0,-l-KCNS=KN03-l-AgCNS ppt. 

Fe(N0j)3-f3KCNS=3KN03+Fe(CNS)3 red 

Note. Mercury and palladium, highly colored salts of cobalt and nickel, copper 
if over 60% in the sample, nitrous acid ana chlorine interfere and should be absent. 

Ferric Indicator. Saturated Solution. Make 100 cc. of a saturated solu¬ 
tion of ferric ammonium sulphate or ferric sulphate. Add sufficient HNO3 
(freed from nitrous acid by heating) to clear up the solution and produce a 
pale yellow color, .5 cc. of this reagent is used in a test. Ferric nitrate may be 
used in place of sulphate. 

Standard Silver Solution. A N/10 solution contains per liter 10.788 grams 
of silver, or 16.989 grams of AgN03. A solution containing 0.005 gram of 
Ag per cc. is a convenient strength. 

Dissolve 1.0 gram of pure silver foil in 10 cc. of dilute HNO3, 1 : 1.6 (sp.gr. 
1.2). Boil to expel the nitrous oxides and dilute to 200 cc. 1 cc. will contain 
0.005 gram of silver. 

Thiocyanate Reagent. Dissolve 7.4 grams NHiCNS or 9.2 grams of 
KCNS in water and dilute to 1000 cc. Standardize the solution against the 
standard silver solution. Half this strength is u.sed for the weaker silver solu¬ 
tion above. 

Standardization. Measure 50 cc. of the standard silver solution into a 
beaker or an Erlenmeyer flask and dilute to 100 cc. 

Add .5 cc. of the ferric indicator. 

Titrate with the thiocyanate reagent until a permanent red tint is obtained. 
Each addition of the reagent will produce a temporary red color which fades 
immediately as long ns any silver remains uncombined with the thiocyanate. 
A trace of excess of the reagent produces a permanent faint red color. 

Note the cc. required and calculate the value of 1 cc. in terms of silver. 
50 cc. of the standard silver solution contains 0.25 g. of Ag. 

Some prefer to have the thiocyanate exactly equal in strength to the silver 
solution. Should this be desired, dilute to the necessary volume and again 
staddardizc against the silver solution. 

The value of 1 cc. should be recorded on the container. 

Determination of Silver in the Unknown 

Weigh 0.25-0.3 gram of the alloy and dissolve in an Erlenmeyer flask by 
addition of 5 cc. of dilute HNOs (sp.gr. 1.2). Heat to expel lower oxides. 

Cool, dilute to about 100 cc. and add 5 cc. of the ferric indicator. 

Titrate with the standard thiocyanate reagent to a permanent faint red 
color. 

From the cc. of the reagent used, calculate the amount of silver present in 
the sample taken. 

Divide the result by the amount of sample taken and multiply by 100= per 
cent Ag in the alloy. 

■Contributed by Wilfr^ W. Scott. 
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GAY-LUSSAC METHOD 

This very accurate method is especially adapted to the valuation of silver 
bullion, but may be applied in principle to the determination of silver in a 
nitric acid solution which contains as little as 100 milligrams of the metal, 
providing the volume of the solution is not so large or color so deep ns to make 
a precipitate of silver chloride equivalent to 0.1 milligram of silver indis¬ 
tinguishable. Metals that interfere are mercury and tin. 

The method is founded upon the almost absolute insolubility of silver 
chloride or bromide in cold dilute nitric acid and the property of the precipitate 
becoming so completely coagulated through agitation that it settles speedily, 
leaving a liquid sufficiently clear to permit of observance of any precipitate 
produced by further addition of precipitant. 

Reactions: AgNO,-f-NaCl= NaNOj-f-AgCl i 
AgNOs+NaBr= NaNOs-t-AgBr X 

The use of a bromide is preferable to a chloride salt as a reagent, chiefly 
because on account of the greater insolubility of silver bromide, the end-point 
of the operation of titration is more sharply defined. 

The presence of free sulphuric acid is prejudicial to a very close deter¬ 
mination, because of the volume of liquid required to keep silver sulphate in 
solution, and also because the result of agitation after addition of precipitant 
is apt to be a fine precipitate which does not readily settle. 

The factor of volume change per 
degree change of temperature from 15 
to 21° C. is approximately 0.00012; 
from 20 to 20°, 0.00019; from 25 to 
31° C., 0.00024. 

Although the approximate precipi¬ 
tating value should be known by pre¬ 
vious test, it is the better practice to 
determine the exact value by run¬ 
ning two or more checks of pure sil¬ 
ver simultaneously with each batch of 
assays than to apply the temperature 
correction factor. 

Apparatus. The apparatus re¬ 
quired consists of a pipette which will 
deliver approximately 100 cc. with an 
accuracy of not over 5 milligrams 
variation in weight of the standard 
solution at constant temperature b e 
tween successive deliveries, 10 cc. 
burettes with glass stopcocks; and 
8-oz. narrow mouth, round, flint-glass 
bottles with high, tightly fitting stop- pjosg. Apparatus for Gay-Lussac Method, 
pers; the assay bottles should be of a 

quality which will endure heating in a steam bath or on a hot plate. 

Since the end-point by the Gay-Lussac method depends upon the observ¬ 
ance of cessation of precipitation, it is evident, in order to avoid undue tedious¬ 
ness in its operation, that the silver content of the amount of sample taken 
for assay should be known within a few milligrams. 

37 
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METHOD OF U. S. MINTS 

U. S. Mint Modilication of the Qay-Lussac Method for Silver* 

This method is used in all three of the United States Mints and the U. 8. 
Assay Office, New York City, for determining silver in ingots and fine silver 
has been found very satisfactory both as regards speed and accuracy. 

Standard Solutions. Two standard salt solutions are regularly used in 
the determinations. The first is called a “ normal ” and the second a “ deci¬ 
mal ’* solution. 

The first or. “ normal ” solution is made of such concentration that 100 
cc. of it will precipitate exactly 1002 milligrams of silver. .5.43 grams of 
C. P. sodium chloride are dissolved in water and diluted to make one liter 
of solution. It is kept in a large 40-litor carboy and is siphoned off as needed.* 

The decimal solution is made by diluting 100 cc. of the “ normal ” solution 
to a liter. 

Standardization 

The normal solution must be standardized at frequent intervals because of 
temperature changes which affect the concentration of the solution. The 
factor of volume change per degree change of temperature from 15 to 21 
degrees C. is approximately 0.00012; from 20 to 26 degrees, 0.00019; from 
25 to 31 degrees, 0.00024. 

The standardization is carried out as follows: 

Solution and Precipitation. A “ proof ” of 1004 milligrams of fine silver is 
carefully weighed out, placed in a glass-stoppered 8-oz. bottle and dissolved 
in 10 cc. of 1 : 1 nitric ocid on a hot plate. Then 100 cc. of “ normal ” salt 
solution, sufficient to precipitate 1002 grams of silver, are added from an 
upright stationary pipette. The pipette is filled by means of a siphon controlled 
by a stopcock convenient to the right hand. After filling, the left forefinger 
is placed over the pipette, the rubber hose connection removed from the 
bottom, and the bottle containing the dissolved proof placed underneath, 
when the forefinger is removed, allowing the contents to drain into the bottle, 
shaking the bottle once or twice to mix the solution. Then 2 cc. of the 
decimal solution are added by means of a small pipette graduated in cc. and 
held in the hand, and the stoppered bottle is placed in the shaker. 

The shaker violently agitates the solution and causes the precipitate to 
coagulate and settle. The imttle is removed after four minutes. 

More agitation than is absolutely necessary should be avoided, due to the 
increasing tendency of the precipitate to become granular and settle slowly. 

> Communicated to W. W. Scott by F. C. Bond, Humid Assayer, Denver Mint, 
Colorado. 

’40 liters are made up at one time by the Denver Mint. The strength of the 
solution may be regulated by the size of the pipette used. At the Denver Mint 4.82608 
grams per hter are taken of the C. P. NaCl, since the pi|)ctte delivers more than 100 cc. 
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Titration. The bottle containing the coagulated precipitate is best placed 
upon a shelf in a window through which only reflected light enters, at such a 
height that the top of the solution is upon a level with or slightly above the 
eye. The shelf is backed by a blackened board which covers the window 
under the shelf and extends nearly to the top of the bottle. 

The bottle stands a moment to allow the precipitate to settle and 1 cc. 
of the decimal salt solution is added from the hand pipette. The solution is 
shaken by moving the top of the bottle through a small arc once or twice 
and the reading Is taken after 10 seconds. A slight white cloud forming at 
the top of the solution and more pronounced when viewed from below consti¬ 
tutes a “ show ” and indicates that only a small portion of the cc. added was 
needed to precipitate the remaining silver. This is the desired condition for 
a proof. 

The reading is taken as a “ show,” “ quarter,” “ half,” “ three quarters,” 
and “ one according to the portion of the cc. of salt solution necessary to 
.precipitate the remaining silver. If the cloud is deep enough to indicate that 
all of the oc. has been used, the bottle should be placed in the shaker and the 
precipitate coagulated, after which another cc. is added and the reading taken 
as before with the addition of one cc. 

The assignment of the proper value to the precipitate is difficult for the 
novice and experience in comparison is of much more value than any descrip¬ 
tion could be. However it may be stated that a slight precipitate extending 
through the upper half of the solution after a slight uniform shake should be 
called a “ quarter,” a precipitate of the same appearance throughout the 
solution is a “ half,” a heavier precipitate throughout is called “ three quar¬ 
ters,” while a still denser precipitate is read “ one ” and should be confirmed 
by shaking and adding another cc., which should yield a “ show,” a very 
faint cloudiness. 

The “ show ” of the proof influences the reading of the determinations 
and its appearance should be kept constantly in mind, since a “ quarter ” 
on a determination means that one quarter of a cc. more of the decimal salt 
solution was used in precipitating silver than was used in the proof. Thus 
the proof reading or “ show ” is taken ns zero and the concentration of the 
“ normal ” solution should be adjusted so that the proof gives as light a show 
as possible. 

Procedure. In the following determinations it is advisable to run a 
standard of proof silver side by side with the sample bullion for comparative 
purposes. 

Fine Silver. For silver bullion 998 parts fine or above a sample of*1005 
milligrams is weighed out, dissolved, precipitated and titrated as described 
under Standardization. 

In case 1 cc. was added, gave a heavy precipitate, was agitated and a 
second cc. added which gave a “ half,” the reading would be and the silver 
would be 


1002-Hi 
1005 


1003.5 

1005 


= 998.5 fine. 


In case a large number of samples are to be run, tables may be prepared 
for each fourth of a cc. which will make the above calculation unnecessary. 
Coin Ingots. In determining the silver in silver coins or in silver coin 
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ingots os they come from the melting room, which are usually within If points 
of 900 fine, the sample weighed is 1115 milligrams. The color given to the 
solution by the cop|)er base need not interfere with the titration. 


Notes on the Method 

Determinatinn.s may Ijc made on silver bullion of almost any grade if the approx¬ 
imate finenc.<« is pnsviously determined by fire assay or the Volhurd method. It is 
ordinary practice to weigh up the sample at the next figure even five milligrams above 
that calculated. Thus if it is found from preliminary assay that 1082 milligranis of 
bullion will contain approximately 1002 milligrams of .silver, 1085 milligrams will be 
weighed out for a sample. 

Interfering Elements. There are very few sulxstiinces which will be found in 
bullion in sufficient quantity to interfere with the process. The presence of free sulphuric 
acid is detrimental to a very close determination. 

The use of a bromide is considered as preferable to a chloride as a reagent but the 
chloride is commonly used. 

An eyeshade assists in making the readings accurately. 

The chloride precipitate is reduced to a blue sub¬ 
chloride on standing in the sunlight so that the bottle 
should Ix!' exposed to the light as little as pos.siblc. 

A set of twelve sampUn, with the bottles trans¬ 
ported in a suitable wire frame, is usually run at one 
time. 

A decimal solution of silver nitrate of equal strength 
with the decimal .salt solution may Iw u.sed for back 
titration, however the end-point is less distinct and it is 
advisable to weigh out a larger sample. 


i 

f .2 

i i 
t t '■ 

u 


a 




Fig. 59o.‘ 


Duplicates are commonly run. 

Tables giving the fineness for different classes of materials examined for each 
reading facilitate calculations and are recommended for use. 

To determine the }, } and J, a licginner should have a pipette, graduated in 1 cc., 
holding 5 to 7 cc. length for hand use with one cc. divided in the |, and he should 
use the same until he is familiar with the density of precipitates produced by one cc. 
with silver equivalent to the above fractions. 


Weight Taken 1115 Mg. 



0 

1 

2 

3 

4 

5 

6 

0 

896.9 

897.7 

898.6 

899.6 

mSm 

901.3 



897.1 

sas.o 

898.9 

899.8 


901.6 


i 

897.3 

898.2 

899.1 

900.0 


901.8 


1 

897.5 

898.4 

8!«).3 

9(K).2 ; 

i 

901.1 

902.0 

902.9 


No pipette is of use in the practice of the Gay-Lussac method which shows any 
tendency to spatter at the licginning or ending, or yields a quickly following or clinging 
drop at the completion of discharge. The film of liquid adherent to the inner surface 
of the Ixxly of a good pipette will drain without sign of rivulet effect and be retained 
by the capdlary of the discharge tube for at least a minute. 
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In the following table the left hand column represents the milligrams of 
bullion to be taken, the top line indicates the cc. of decimal solution required 
in addition to the 100 cc. of normal solution, the figures at the intersecting 
lines give the fineness of the bullion. 

Ascertain the approximate fineness by a preliminary assay, consult the 0 
column for the nearest corresponding figure slightly higher, the figure on the 
left of this is the weight of bullion to be taken. Now if the test required, 
in addition to the 100-cc. normal solution. 4 cc. decimal solution and 1115 
milligrams of bullion were taken, the fineness of the bullion would be 900.4. 
See table under Silver Coin Bullion. 


High Grade Bullion 


Milli¬ 

grams 

of 

Bul¬ 

lion 

0 

1 

2 

3 

4 

5 


7 

8 

9 

10 

1000 

100.5 

1010 


996.0 

991.1 

997.0 

992.1 

998.0 

993.1 

999.0 

994.1 

1000.0 

995.0 

99G.0 

997.0 

998.0 

999.0 

1000.0 

1015 

985.2 

986.2 

987.2 

988.2 



991.1 

992.1 

993.1 

994.1 

99.5.1 


980.4 

981.4 

982.4 

983.3 

si 

98.5.:i 

9.86.3 

987.2 

988.2 

989.2 

990.2 


975.0 

976.0 

977.6 

978.6 


980.5 

981.5 

982.4 

983.4 

984.4 

985.4 



971.8 

972.8 

973.8 

974.8 

975.7 

976.7 

977.7 

978.6 

979.6 

980.6 

1 ^ 


967.1 

968.1 

969.1 

97.0.0 

971.0 

972.0 

972.9 

973.9 

974.9 

975.8 

1040 


962.5 

963.5 

964.4 

965.4 

966.3 

<Ki7.3 

968.3 

909.2 

970.2 

971.1 

1045 

9.56.9 

9.57.9 

9.58.8 

9.59.8 

960.8 

961.7 

962.7 

963.6 

964.6 

965.5 

966.5 

10.50 

9.52.4 

95:1.3 

9.54.3 

955.2 

9.56.2 

9.57.1 

9.58.1 

9.59.0 

960.0 

960.9 

961.9 

10.55 

947.9 

948.8 

949.8 

9.50.7 

951.7 

952.6 

953.5 

9.54.5 

955.4 

9.56.4 

957.3 


Silver Coin Bullion 



0 

1 


3 

4 

5 

6 

7 

8 

D 

10 

1095 

91.3.2 

914.2 

91.5.1 

916.0 

917.0 

917.8 

918.7 

919.8 

920.5 

921.5 

922.4 

1100 

909.1 

910.0 

910.9 

911.8 

912.7 

913.6 

914.5 

91.5.4 

916.4 

917.3 

918.2 

1105 

905.0 

905.9 

906.8 

907.7 

908.6 

909.5 

910.4 

911.3 

912.2 

913.1 

914.0 

1110 

900.9 

901.8 

902.7 

903.6 

904.5 

905.4 

9(X).3 

907.2 

908.1 

909.0 

909.9 

1115 

896.9 

897.8 

898.6 

899.5 

900.4 

901.3 

902.2 

903.1 

904.0 

904.9 

905.8 

1120 

892.9 

893.7 

894.6 

895.5 

mm 

897.3 

898.2 


Emi 

900.9 

901.8 

1125 

888.9 

889.8 

890.7 

891.6 

892.4 

89.3.3 

894.2 

:ihiil 

896.0 

896.9 

897.8 

1130 


885.8 

886.7 

887.6 

888.5 

889.4 

890.3 

: iilil 

892.0 

892.9 

893.8 

1135 

881.1 

881.9 

882.8 

883.7 

884.6 

885.5 

886.3 

f n 111 

888.1 

889.0 

889.9 

1140 

877.2 

87.S.1 

878.9 

879.8 


881.6 

882.5 


884.2 

885.1 

886.0 

1145 

873.4 

874.2 

875.1 

876.0 

876.9 

877.7 

878.6 

: rA!|L-l 

880.3 

881.2 

882.1 

1150 

869.6 

870.4 

871.3 

872.2 

873.0 

873.9 

874.8 

ijy 

876.5 

877.4 

878.3 


Recovery of Silver from Silver Residues 

Convert the residues to silver chloride by treating with hydrochloric acid 
and filtering off the chloride and washing. Dissolve the chloride in ammonium 
hydroxide added in slight excess. Add .sodium hyposulphite, Na 2 S 204 (not 
thiosulphate, Na 2 S 205 ). Metallic silver is formed. Thiosulphate gives silver 
sulphide. Photographers’ residues containing “hypo” yield silver sulphide. 
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Combination Methods 

Combination of the operations of the Gay-Lussac and Volhard methods have 
been devised to avoid the tediousness incident to the performance of the Gay- 
Lussac method by the unexperienced. By the modified methods the amount of 
sample to be weighed out is determined by preliminary assay, and is dissolved in 
the same manner as in the practice of the Gay-Lussac method, but with the added 
precaution to decompose nitrous acid in the silver solution by gentle boiling when 
completion of the titration is to be accomplished by the Volhard method. 

The operation of the combination methods consists briefly of precipitation of 
all but a few milligrams of silver by a standard solution of alkali thiocyanate, 
chloride or bromide added from the Stas pipette and estimation of the excess of 
silver with a decimal solution of thiocyanate or by a colorimetric or nephelometric 
method. 

The procedure favored by the writer is to use a standard solution of potassium bro¬ 
mide as the pipette precipitant. After the liquid is cleared by shaking, it is decanted 
as completely ns possible into a 600-cc. Erlenmeyer flask. The precipitate is washed 
by five 30-cc. portions of water containing a little nitrous-free nitric acid, each por¬ 
tion being shaken before decanting. Using the same amount of ferric indicator as in 
the check assays, decimal thiocyanate solution is added until not a very deep tint remains 
permanent after vigorous agitation. Decinormal silver solution is then added until 
the tint is discharged. When the assay is sufficiently free of copper or other colored 
salts to permit accurate matching of tints, the decanted liquid, which may contain 
(.articles of silver bromide without interference, is titrated with decimal thiocyanate 
to the appearance of a tint which will match that of the chock assays. Except when 
colored salts are present in such quantity as to make recognition of the (joint of bleach¬ 
ing of the ferric thiocyanate coloration uncertain, the extreme range of error is 0.3 
part (jcr 1000. 

For colorimetric method, see Smith, I.M.M Bull. No. 28. Determination of the 
residual silver in the filtrate from the thoroughly washed silver bromide (irecipitate is 
practicable by use of a suitable nephelometric apparatus.' 


Denige’s Cyanide Method' 

Silver which has been precipitated as chloride may be determined volumetric- 
ally by dissolving the precipitate with a measured quantity of a standard solution 
of potassium cyanide of about decinormal strength. 

AgCl-|-2KCN =KAg(CN)2-t-KCl. 

Potassium iodide is then added and the excess of standard (jotassium cyanide 
solution determined by addition of potassium iodide and titration to the first aiJ- 
pearapee of a permanent precipitate with decimormal silver nitrate. 

AgNOa-f-KI-Agl-t-KNOj; AgI-f-2KCN =KAg(CN)2+KI. 

Not's. , If the last (jortion of the precipitate of silver chloride dissolves with difli- 
culty in the (xjtassium cyanide, the Imuid may be decanted into another beaker and 
solution completed with ammonia. The solutions are combined. 

‘ Richards and Wells, Am. Chem. J., 235, 1903; Richards, ibid., 510, 1906; Rich¬ 
ards, Com. 8th Int. Cong. Ap. Chem., Sw. 1, 423. 

• Clennell, “ The Cyanide Handbook,” 433. 
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Miscellaneous Volumetric Methods 

Silver may be determined by addition from a burette of a portion of a known 
volume of its neutral or slightly acid solution to a standard solution of sodium 
chloride which contains a little potassium chromate or bichromate and sufficient 
chloriile-free magnesium oxide emulsion to neutralize free acid. The end-point 
is indicated by the formation of a reddish or brown precipitate. 

By Pisani’s Method' a standard solution of iodide of starch is added to a very 
dilute neutral solution of nitrate of silver until the fluid becomes permanently blue. 

By Vogel’s Modification of Pisatu’s Method,* the silver solution, which may 
contain free acid, is titrated with standard starch iodide solution after addition of 
nitric acid containing nitrous acid. 

By Andrews’ Modification,’ the standard solution of starch iodide is added to 
a solution of silver nitrate which contmns so much ferrous nitrate or sulphate that 
iron will be in excess of the silver picsent. 

2AgNO,+2Fe(NO,),-hI,=2AgI+2Fe(NO0, 

By Gooch and Bosworth’s Method,* silver is determined by precipitating with 
an excess of potassium chromate, dissolving the precipitate in ammonia, repre- 
cipitating by boiling to low volume and determining iodometrically either the 
chromate ion combined with the silver, or that remaining after precipitating the 
silver with a known amount of standard potassium chromate.* 

Nephelometric Method 

This method is practicable for the determination of a small concentration of 
silver in a clear and colorless liquid. Lc.ss than 2 mi iig 'am: of silver can be esti • 
mated with considerable accuracy by matching the opalescence produced by a drop 
of hydrochloric acid with that from a known quantity in a liquid of the same volume, 
depth and temperature. Intensity of opalescence attains the maximum in about 
five minutes after precipitation. Standard silver solution is made by dissolving 
500 mill'g ams standard .silver (see Preparation at close of chapter) with several cc. 
of dilute nitric in a liter flask and making the solution up to the mark. For most 
technical determinations the apparatus may consist of clear glass cylinders (color 
tubes) of suitable size. More accuracy can be arrived at by use of a nephelometer 
of refined construction, for example * the combination of a projection lantern 
ard a Duboscq colorimeter. 

Preparation of Pure Silver. The volumetric methods used for the determination 
of high percentages of silver, employ solutions which should be standardized by metal 
of the highest purity. For the preparation of this metal, the electrolytic method as 
described below is preferred by laboratories which arc suitably equipped. 

> RobiSre, Bull. Soc. Chim., 17, 306, 1915; J. S. C. I., Oct. 30, 1915, 1073. 

’ Fresenius, “ Quantitative Analysis.” 

’ Zeit. fOr Anorg. Chem., 26, 175. 

•Am. J.Sci.,27,302. 

* Am. Chem. Soc. Chem. Abs., Aug. 10, 1909, 1735. 

• Wells, Am. Chem. J., 86, 99, 508; Richards, Am. Chem. J., 36,510; Dienert, Compt 
rend., 16S, 1117. 
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For the manufaeture of a large quantity—several pounds—a basfcet-like support 

tor tVie anode » made oi several ^ass rods bent so that they will hang from the rim of 

a tall JOOO-cc. or larger beaker or battery jar and dip into the receptacle about an inch. 

Smaller anodes may Iw supported by the ^itive wire or by a cloth bag fixed in 
place by a string under the flare of the rim of the beaker. In any arrangement for the 
support of the anode, allowance of room should be made for the introduction and 
free movement of an L-slmjied stirring rod. 

The cathode may consist of sheet silver or of platinum foil, and lies flat on the bot¬ 
tom of the beaker. The immersed length of the silver or platinum wire leading from 
the cathoile should be eoveral with rubber tubing. 

Commercial silver, usually nlmiit 099 fine, may lie used for the anode, but by retreat¬ 
ment of_ the deposit, very impure silver may be used, providing that the quantity 
of tellurium present is very low. The presence of tellurium will exhibit itself in the 
impossibility of obtaining the desired coarsely crystalline depasit. 

Teljurium in moderate quantities may lie removed by melting the silver in a crucible 
or Bcorifier, adding niter, permitting the silver to nearly freeze, raising the temperature 
and pouring into a hot crucible or scorifier in which the operation is repeated, preferably 
in a muffle furnace, until the surface of the silver is without streaks or spots when cooled 
to near freezing. An oxidizing atmosphere about the molten metal should be main¬ 
tained. On the basis of 172 grams silver per cubic inch an anode mould for any con¬ 
venient amount of silver may lie shaped from 4-in. pieces of 1-in. square rod on a smooth 
iron plate. Just before the anode bar sets in the mould, a silver terminal strip or wire 
is plunged into it. 

A.fter coating the contact wire or strip and the surface of the anode about it with 
sealing wax, the ano<le is wrapped with filter paper, held firmly in place by string or 
nibber bands. If the anode weighs half a pound or more, the anode is also wrapped 
with cotton flannel which has been washed with water until free of chloride. A porous 
dish, cylinder or filter cone can be used instead of filter paper and cloth. 

The electrolyte contains aliout 4% of C.P. silver nitrate and half a per cent of chlor¬ 
ine-free nitric acid in distilled water, and fills the beaker or jar so it wets only the lower 
surface of the anode. 

The current, of about 0.1 ampere per square inch of cathode surface at the start, 
is raised after deposition has proceeded for a few minutes to the limit at which a coarsely 
crystalline deposit can be maintained. 

Inasmuch ns the electrolysis proceeds at a rate of 4 grams per ampere hour, some 
attention is required to break up short circuits and to pack down the rather bulky 
deposit. The deposit, if coarse, can be washed very easily free of electrolyte, and after 
heating to near redness is in the form preferred for use by many aasayers. 

Other methods which may be employed consist of dissolving the crude silver with 
nitric acid almut 1.20 sp.gr. or with hot concentrated sulphuric acid, if platinum is pres¬ 
ent, separating the gold and platinum by filtration, precipitating AgCl with not too 
large an excess of HCI, stirring the precipitate until it coagulates, washing repeatedly 
with hot water until a washing is obtivmed which shows no precipitate with HjS, 
reducing the silver chloride by contact with pure zinc, wrought iron or the silver ter¬ 
minal of a carbon-silver couple aluminum foil, and washing with hot dilute HCI until 
a test of the decanted liqiiid indicates alisencc of the precipitating element. The 
dried silver, mixed with about 1% of dry sodium carbonate, is packed into a clay 
crucible, the inside of which has been glazed with borax glass and covered with a 
layer of crushed charcoal. 

The sodium carbonate is omitted in case it is desired to melt silver refined by 
electrolysis. 

The silver melted in the tightly covered crucible is poured into an iron mould which 
has been chalked or black leaded. 

By Knorr’s method,' a solution of silver nitrate from which excess of nitric acid has 
been removed by evaporation is freed of metallic impurities by adding enough sodium 
carbonate to precipitate one-tenth of the silver, boiling and filtering. The silver in the 
filtrate is precipitated by sodium carbonate and the precipitate decomposed without 
addition of reaucing reagent, by molting in a crucible. Excess sodium carbonate 
carried dowm with the precipitate of silver carlxmate will cover the fusion and such as 
adheres tightly to the metal is readily removed by hydrochloric acid. The metal 
should be smelted under charcoal. 

i Liddell. " Metallurgists and Chemists’ Handbook." 
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If toe cover of the charcoal is omitted or burned away during the fusion, the molten 
metal is capable of absorbing oxygen from the atmosphere to the extent ot about 0 26% 
of its weight. This gas is expelled during the passa^ of the metal into the solid state 
and produces a casting which cannot be rolled into smooth sheets 

The most convenient size and shape of castings for rolling is but little larger than a 
lead pencil. Before rolling, the casting is cleaned of particles of the mould wasn After 
rolling to about cardboard thickness, the sheets may be cut up into strips of convenient 
size and length, then digested with dilute hydrochloric acid (1 to 6 of water) washed 
with ammonia and finally with pure water. 

The silver then should be dried and annealed by heating to redness. It is best 
preserved in a glass-stoppered, salt-mouth bottle and should be exposed to laboratory 
atmosphere as little as possible. 

The purity of each batch of silver made should be compared by use of the Gay-Lussac 
method with standard silver, the purity of which has been determined by analysis of 
a 50- or 100-gm. portion for Se and Te, As, Sb, Pb. Cu, Au, and the element employed 
in reducing silver chloride, if the reduction method was followed in the manufacture 
of the metS. 


THE FIRE ASSAY FOR GOLD AND SILVER^ 

Definitions. Fire assaying is a branch of quantitative chemical analysis 
in which metals are determined in ores and metallurgical products by extracting 
and weighing them in the metallic state. The methods employed involve 
slag-melting temperatures and the use of reducing, oxidizing and fluxing 
reagents, and are in principle the same as those used in metallurgy. 

The metals ordinarily determined by fire assaying are gold, silver and 
platinum. Antimony, bismuth, lead and tin can be determined in this way 
also, but the results are usually more or less inaccurate. 

An ore is a mineral aggregate from which one or more metals can be ex¬ 
tracted at a profit. 

Metallurgical products include a large number of metal-bearing mixtures 
and compounds, ranging from high grade gold and silver bullion to very weak 
cyanide and sulphate solutions. 

The constituents of an ore are usually divided into two general classes, 
the valuable minerals containing the metals, and the non-valuable minerals or 
gangue. A similar classification can be made in the case of many metallurgical 
products. In gold and silver bullion and other alloys all of the components are 
metallic, and the assaying problems involve simply the separation of metals. 

General Outline 

With ores and metallurgical products containing non-metallic elements 
the process consists, briefly, in the production of two liquids, liquid lead 
containing the valuable metals, and liquid slag containing the waste matter 
or gangue. The two liquids separate from each other by reason of the great 
difference in specific gravity. The valuable metals are separated from the 
lead and from each other by taking advantage of differences in chemical 
properties. The slag is discarded. 

In the operation of the process the gold and silver, and platinum, if present, 
are collected from the metal-bearing portion of the ore or metallurgical product 
by means of molten lend reduced from litharge or lead oxide. The gangue 
is converted into a fusible slag by means of reagents known as fluxes. 

The effectiveness of the fire assay in separating gold, silver and platinum 
from ores and metallurgical products depends upon two properties of these 
metals; first, their weak affinity for non-metallic elements, especially at high 
temperatures, and second, their very great affinity for molten lead. The 
collection of the precious metals in the lead, therefore, is the simplest part of 
the process. The fluxing of the gangue is much more difficult, and requires 
considerable knowledge and skill. If the fluxing is properly performed, the 
collection of the valuable metals usually takes care of itself. 

Reagents. A flux is a substance which when heated in contact with some 
difficultly fusible compound either combines with it or takes it into solution, 

* By Irving A. Palmer, Professor of Metallurgy, Colorado School of Mines. 
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in each case producing a compound or mixture which is easily fusible at 
ordinary furnace temperatures. The principal fluxes and other reagents used 
in fire assaying are described in the following paragraphs. 

Litharge or oxide of lead, PbO, melting point 883® C., has several important 
uses. ^ It furnishes the lead which collects the precious metals; it readily 
combines with silica, producing easily fusible silicates; and it acts as an 
oxidizing and desulphurizing agent. It is a very strong basic flux. 

Sodium carbonate, NajCOj, melting point 852° C., is a powerful basic 
flux. It combines with silica and alumina, producing fusible silicates and 
aluminates. When molten it has the property of dissolving or holding in 
suspension a number of refractory gangue materials. To some extent, also, 
it acts as an oxidizing and desulphurizing agent. Potassium carbonate, 
KjCOj, melting point 894° C., is rarely used in fire assaying because of its 
greater cost. 

Borax glass, NajB,©?, melting point 742° C., is an acid flux used for com¬ 
bining with or dissolving the basic and some acid constituents of the gangue, 
producing easily fusible complex borates and mixtures of borates and other 
compounds. Even silica dissolves to some extent in molten borax glass. 

Silica, SiOj, melting point 1755° C., is a strong acid flux. It combines 
with metallic oxides and produces silicates which in many ca.se 8 arc considerably 
more fusible than silica itself. 

Granulated lead or test lead is used in the scorification a.ssay, which is 
conducted under oxidizing conditions, and in which, therefore, litharge could 
not be employed as a source of lead. 

Lead foil or sheet lead is used in the assay of gold and silver bullion. It, 
as well as the granulated lead, should be free from silver and bismuth. 

Flour is known as a reducing agent. It contains carbon, which reduces 
lead from litharge. Charcoal was formerly used for this purpose, but it is 
not so convenient. 

Argol or crude cream of tartar, KHC 1 H 4 O 6 , is both a basic flux and a 
reducing agent. On being heated it decomposes as follows: 

2 KHC 4 ILO 0 +hcat->K.,0+5IL0+6CO+2C. 

It is effective in assays reejuiring strong reducing action and low tempera¬ 
tures. 

Iron is sometimes u.sed as a desulphurizing and reducing agent. It de¬ 
composes most of the heavy sulphides, yielding the metals and iron sulphide. 

Potassium nitrate, KNOs, melting point 339° C., is a powerful oxidizing 
agent. It is used to neutralize the effect of an excess of reducing substances 
in the material to be assayed. High sulphur ores, if assayed without previous 
roasting, require the addition of nitre to the charge. In contact with a reducing 
agent two molecules of potassium nitrate give up five atoms of oxygen, as 
shown in the following equation: 

4KN0,+5C-+2KjC03+3C0,-f2Nj. 

The potassium oxide coming from the decomposition of the nitre acts as a 
basic flux. 
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Common salt, NaCl, melting point 819° C., is a neutral substance sometimes 
used as a cover for crucible fusions to exclude the air. When molten it rests 
on top of the charge and does not enter into it. 



Fia. .')9a. Oil Muffle Furnace. 


All of the reagents used must bo pure and in a finely divided condition. 
Sodium carbonate shows a tendency to form lumps. These should be broken 
up and the entire mass put through a moderately fine screen. 

Furnaces and Equipment. The major operations in fire assaying arc 
usually conducted in muffle furnaces. The muffle is a box-like receptacle 
made of fire clay, so placed in the furnace that it is heated on top, bottom 
and all sides except the front. In it are placed the refractory ves.sel8 containing 
the material to be a.ssayed. There is thus no direct contact with the fuel or 
products of combustion. The fuel u.sed may be coal, oil, gasoline or gas. 

Cupels. The separation of the jirecious metals from the lead alloys pro¬ 
duced in fire assaying is effected in small shallow vessels of bone ash, known 
as cupels. The material consists mainly of calcium phosphate, with small 
percentages of magnesium phosphate, calcium fluoride and calcium carbonate. 
It is a product of the burning of animal bones, preferably those of the sheep. 
It should be ground fine enough to pass a 40-mesh screen, in which case about 
50 per cent of it will pass a 150-mesh screen. The cupels are made by mois¬ 
tening the bone ash with a small amount of water and then compressing it in 
the cupel mould, which consists essentially of a ring and die. The bone ash 
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is forced into the shape dersied at a considearble pressure, so as to insure 
sufficient rigidity in the cupel. The amount of water needed varies, but should 
be as low as possible. The cupels should be dried very slowly, so as to avoid 



Fio. 59b. Muffle Furnace. 


cracking. By using high pressures good cupels can be made from perfectly 
dry bone ash. 

The requirements of a good cupel are that it should be infusible at ordinary 
furnace temi)eratures, that it should not be attacked by metallic oxides, that 
it should be porous, and that it should be sufficiently rigid to permit of con¬ 
siderable handling. _ • 

Cupels can be made of Portland cement, magnesia, or of mixtures of these 
materials with bone ash. They are considerably cheaper but not so satisfactory 
as those made of bone ash alone. 

The Assay-Ton System. As the precious metals are bought and sold by 
the Troy system of weights and measures, and ores by the Avoirdupois system, 
considerable time would be lost in calculating' assay results, were there no 
way of avoiding it. To simplify the calculation Prof. C. F. Chandler, of 
Columbia University, invented the assay-ton system of weights. The assay- 
ton is equal to 29.166f milligrams. As there arc 29,166? Troy ounces in an 
Avoirdupois ton of 2000 pounds, the number of milligrams and fractions of a 
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milligram of precious metals found in an assay-ton of ore corresponds to the 
number of Troy ounces in an Avoirdupois ton. 



Sampling. It goes without saying that good results in assaying presuppose 
accurate sampling. Silver is reported in assay certificates to the nearest 
tenth of an ounce; gold usually to the nearest one hundredth of an ounce. 
One tenth of an ounce means one part in 291,667; one hundredth of an ouncej 
one part in 2,916,667. In the preparation of the sample, therefore, the ratio 
between the weight of any fractional portion and the weight of the largest 
particle in it must be very large, so that the accidental inclusion of a number 
of rich pieces in any portion shall not affect the results beyond the limits of 
error'in assaying. The final pulp sample should bo of a fineness ranging from 
SO-mesh, in the case of low grade silver ores, to as fine as 200-mesh in the 
case of non-uniform gold ores. Small particles of metallic gold in the material 
necessitate fine grinding and very thorough mixing. It is a good rule to mix 
all pulp samples on a rubber cloth before weighing the portions for assay. 

Balances and Weights. The balances used in fire assaying are somewhat 
different from those found in chemical laboratories. They are known as flux, 
pulp and assay balances. The assay balances are for weighing the gold and 
silver, often exceedingly small in amount, and are the most delicate type of 
commercial balances made. They should be quick in action and not liable 
to changes in adjustment. The beam should be short, light and rigid. The 
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balance should be sensitive to .01 milligram at least. It need not have a. 
capacity of more than .5 gram but should be accurate with that load. 




A 


Cupel Tongs 


Moulds 


roit J 



Pliers 
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Parting Flask 


In large laboratories separate balances are furnished for weighing the gold. 
These balances should be adjusted before each weighing and should be handled 
with the greatest of care. In the a.ssay of gold ores, when using a half assay- 
ton portion, every error of .01 milligram in weighing the gold means a variation 
in the value of the ore of forty cents per ton. 

The Crucible Assay. This method of fire assaying is adapted to the great 
majority of gold and silver ores and to many metallurgical products. The 
process consists in treating a weighed portion of the; sample, carefully mixed 
with the necessary reagents, in a fire-clay crucible. In order to do this effec¬ 
tively the character of the material to be assayed must be known. Thus, ores 
may be oxides or sulphides. They may l)e basic, acid or neutral. They may 
be strongly oxidizing or strongly reducing. Each case requires a particular 
method of treatment. 

The amount of sample usually taken is one half assay-ton, run in duplicate. 
Twenty-gram fire-clay crucibles are used, that is, crucibles capable of holding 
twenty grams of ore and the necessary reagents. In most cases the ^tal 
charge will fill the crucible to within one inch of the top. 

Lead Reduction with Oxidized Ores. Experience has shown that the best 
results are obtained when the lead reduced from the charge amounts to from 
25 to 30 grams. If the ore is oxidized, a reducing agent must be added to 
precipitate the necessary lead. Flour is the reagent ordinarily used, although 
charcoal or argol can be substituted for it. The lead is reduced according 
to the following equation; 


2PbO-l-C-*2Pb-|-CO,. 

That is, 12 parts of carbon theoretically will reduce 414 parts of lead from 
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litharge. Hence, the theoretical reducing power of carbon is or 34.5. 
In practice, the reducing power of charcoal is found to range between 25 and 
30, and that of flour from 10 to 12. Argol has a reducing power of about 8 or 9. 
In most oxidized ores, therefore, from 2| to 3 grams of flour will be required to 
reduce from 25 to 30 grams of lead from the litharge. 


■* 5 ^: 

Cupel Muffle Crucible Scorifier 

Fio. 69c. Apparatus for Fire Assay. 

If the ore contains ferric oxide, manganese dioxide, or some other easily 
reducible oxide, more flour must be added. Some iron-manganese ores require 
as much as 5 grams of flour to throw down the necessary lead. With unknown 
ores the right amount can be determitied only by trial. 

Lead Reduction with Sulphide Ores. In the case of ores containing 
sulphides, arsenides or other reducing substances, there will l)C a reduction of 
lead without the addition of carbon. In fact it is usually necessary to add an 
oxidizing agent to prevent the precipitation of too much lead. The following 
reactions show the effect of a number of sulphide minerals when heated in 
contact with litharge and sodium carbonate. 

(1) PbS -|-3PbO -I- Na!C03= 4Pb Na^SOi -l-COj, 

(2) ZnS -)-4PbO -f- NujCOa=4Pb -h 5inO -b NajSOi -I- CO 2 , 

(3) 2FeS2+15PbO-|-4Nn2CO,= 1.5Pb-f-Fe2O3-|-4Na2SO4-|-4C0s. 

The sodium carbonate induces the complete oxidation of the sulphur to 
SOs, with the formation of the very stable compound sodium sulphate. In 
the absence of an alkaline carbonate most of the sulphur is oxidized to SO 2 
only, and the amount of lead precipitated is correspondingly decreased. 

Reaction (3) shows that pyrite has a greater reducing power than flour 
itself. If, therefore, a half-assay-ton of ore consisting mainly of pyrite were 
to be subjected to a crucible fusion, without the addition of some oxidizing 
ageftt, anywhere from 100 to 150 grams of lead would be reduced. This 
would be entirely too much for the subsequent process of cupellation. In 
order to prevent the reduction of an excessive amount of lead, potassium 
nitrate is added to the charge. The following reactions show the oxidizing 
power of this reagent: 

(4) 2KN0,-|-5Pb=5Pb0-|-K20-bN,, 

(5) 2FeS,-b6KN03= Fe 30 ,-l- 4 S 03 -l- 3 K 30 + 3 N 2 . 

Reaction (4) shows that 202 parts of nitre will oxidize 1035 parts of lead 
to litharge. The theoretical oxidizing power of nitre, as measured against 
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lead, is, therefore, S.12. Reaction (5) when compared with reaction (3), 
given above, shows that 606 parts of nitre will oxidize the pyrite needed to 


ia- '’'t 






reduce 3105 grams of lead from litharge. Here again the oxidizing power of 
nitre is shown to be 5.12. In practice, it is found to be somewhat less, more 
nearly 4.5. 

The fire assay of sulphide ores, therefore, involves either a preliminary 
assay, or a calculation from the chemical analysis, in order to determine the 
amount of nitre to be added. With unknown ores it is better to make a 
preliminary fusion, using 5 grams of the ore, 75 grams of litharge, 20 grams 
of sodium carbonate and 10 grams of borax glass. The button of reduced 
lead is weighed and its weight divided by 5. This gives the reducing power 
of the ore. From this can be calculated the reducing power of one half assay- 
ton of the ore, and the amount of nitre necessary to add in order to cut down 
the weight of the reduced lead to about 30 grams. An excess of silica or borax 
glass decreases somewhat the amount of lead by causing the formation of 
difficultly reducible lead silicates or borates. 

Amount of Litharge. The amount of litharge for a half assay-ton charge 
38 
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usually ranges from 60 to 75 grams. Only about half of this is needed to 
produce the 25 to 30 grams of metallic lead used as the collector. The excess 
litharge serves to prevent the reduction of other base metals, such as antimony, 
bismuth, iron, copper and zinc, to help flux the silica, to act as a solvent for 
some of the refractory gangue materials, and to make sure that every particle 
of the ore in the crucible is in close proximity to one or more particles of 
litharge. In special cases it may be advisable to use a very large excess of 
litharge, as in the assay of rich gold telluride ores, zinc precipitates and 
saturated cupels. 

Amount of Sodium Carbonate. The amount of sodium carbonate to be 
used depends somewhat upon the character of the ore, although the modern 
practice-is to use about the same quantity in assaying a great variety of ores 
and metallurgical products. The principal function of the sodium carbonate 
is to flux the silica and alumina, which are nearly always present in greater 
or less degree. The reactions are as follows: 

(6) Na2C0,+Si02=Nn2Si0j+C02, 

(7) 2Na.2COs+SiOj=Na4Si04+2COj, 

(8) Na2C0,+AU0,= Na 2 Al 204 +C 0 j. 

The two silicates and the aluminate are both quite fusible at ordinary furnace 
temperatures. 

The silicates used in assaying and in metallurgy are usually classified 
according to the ratio between the oxygon in the acid radical and that in the 
base. Only four of these type silicates are of any practical importance. 
They are shown in the following table: 


Sub-silicate. 4RO, SiOt 

Mono-or singulo-silicate. 2R(), SiOt 

Sesqui-silicato. 4RO, 3SiOj 

Binsilicate. RO, SiOj 


In the above silicates, the ratios are f to 1, 1 to 1, ij to 1, and 2 to 1, respec¬ 
tively. 

Reactions (6) and (7) show that to flux one part of silica to bi-silicate and 
mono-silicate requires about parts and 3| parts, respectively, of sodium 
carbonate. If the half assay-ton of ore, therefore, consisted of almost pure 
quartz, it would take 25 grams of sodium carbonate to flux it to sodium bi- 
silicate, and 50 grams to flux it to the mono-silicate.’ As a matter of fact, 
the bi-silicate slag is satisfactory in this case. In general, the acid silicates 
have lower melting points but greater viscosity than the basic silicates. The 
excess litharge in the charge also combines with silica, and may thus produce 
more basic silicates. At any rate, a mixture of silicates usually has a lower 
melting point than that calculated from the melting points of its components. 

Reaction (8) shows that 1 part of sodium carbonate is required to flux 
1 part of alumina. 

In practice from 30 to 35 grams of sodium carbonate are used in a half¬ 
assay-ton charge. In many cases this may seem to be a large excess. It 
must be remembered, however, that this reagent serves also to assist in the 
oxidation of the sulphides through the formation of sodium sulphate, that it 
has a solvent effect upon refractory oxides and other substances, and that it 
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increases the bulk of the charge, thus protecting the ore from the action of 
the air and from the excape of the more volatile metals and their compounds. 
Being very fusible itself, an excess also serves to increase the fusibility of 
very refractory charges. 

Amount of Borax Glass. The rational formula of borax gloss, NajO, 
2 B 20 j, shows that it is an unsaturated compound and can take up more of 
the base. This base may be sodium oxide or one or more of the heavier 
oxides. The result of the addition is a fusible complex borate. This is shown 
in the following reaction; 

(9) NasO, 2 B 203 + 5 Ca 0 =Na 20 , 5CaO, 2B20,. 

The compound produced is a mono-borate and shows the fluxing of’ 1.4 parts 
of lime by one part of borax. The solvent power of borax glass for various 
substances has been referred to above. In practice it does not matter whether 
there is chemical combination or solution. What is desired is perfect liquidity 
at furnace temperatures. 

The amount of borax glass ordinarily used in a half-assay-ton charge 
varies from 10 to 1.5 grams. If the ore is very basic and refractory, more 
borax should be used. As in the case of 8o<lium carbonate, an excess of borax 
glass ordinarily can do no harm, as it is quite fusible. 

Some assayers use silica in the a.ssay of very basic ores. It is a good flux 
for iron and manganese oxides, producing fusible silicates. It is also very 
cheap. It cannot be used in excess, because of its very high melting point. 

Assay Slags. The slags produced in crucible fusions in fire assaying are 
often very complex mixtures t)f silicates, borates, oxides and other compounds. 
In the molten state there can be chemical combination, solution and suspension, 
all at the same time. Ordinarily it is quite usele.ss to attempt the formation 
of a definite silicate or borate. If a sufficient amount of the proper fluxes is 
used, and a high temperature at the finish, there is usually no trouble in 
getting a good fusion. As a general rule the greater the complexity of the 
slug the lower its melting point. 
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Weighing and Mixing the Charge 

It is usually most convenient to mix the charge within the crucible. The 
fluxes should be put in first, the most bulky one at the bottom. They should 
be measured rather than weighed, in order to save time. Only the flour and 
nitre need to be measured accurately. The ore is carefully weighed on a 
pulp balance and placed on top of the fluxes. The mixing is best done by 
means of a steel spatula, and should bo very thorough. Good mixing is shown 
by the uniform appearance of the charge. The fluxes should be free from 
lumps. The practice of using a salt or borax cover on the charge is not so 
common ns it was. Ordinarily it is not necessary. When a salt cover is 
used in assaying rich ores, there is some danger of the production of volatile 
silver and gold chlorides. Borax glass as a cover is expensive. 

Fusing the Charge. The fusion of the charge is best conducted in a muffle 
furnace, although it can be made in a coke furnace, or even in a blacksmith’s 
forge. The crucibles should be placed in the muffle when the latter is at a 
bright red heat. The temperature is then gradually raised until at the end 
of 45 minutes it reaches a light yellow heat, say 1150° C. Sulphide ores 
should be run rather more quickly than oxide ores, so as to oxidize the sulphides 
before they have a chance to melt down into a matte. If the heat be raised 
too rapidly, there is danger of boiling over, due to the large volume of gases 
liberated. 

The crucible fusion may be divided roughly into three stages. There is 
first the preliminary heating stage, accompanied by some reduction of lead 
from litharge, the partial fusion and decomposition of nitre if present, the 
partial reduction of higher oxides, and some fluxing of silica by sodium car¬ 
bonate and litharge. During the second stage most of the chemical reactions 
take place and the entire charge seems to be in a state of violent agitation. 
Lead is reduced from the litharge by flour, sulphur or other reducing agent, 
and the multitude of small shots pick up the adjacent particles of gold and 
silver. Gold tellurides and silver sulphides are decomposed by litharge, 
setting the metals free. Sodium carbonate and borax react upon the acid 
and basic constituents, respectively, of the charge, and produce slags. Alumina 
and other oxides either combine with these reagents or dissolve in the slag 
mixture. There is a copious evolution of gases, such as carbon dioxide, 
carbon monoxide, sulphur dioxide, and nitrogen. The third stage is known 
as the period of quiet fusion. It is for the purpose of completing the slag¬ 
forming reactions and of rendering the slag as liquid as possible. This enables 
all oi the small particles of lead to fall down through the slag, collecting the 
remaining traces of gold and silver. The latter are washed out of the slag 
much as a shower of rain sweeps the dust particles out of the air. The slag 
must be thoroughly liquid in order to insure a perfect separation from the lead. 

A high temperature at the beginning of the fusion should be avoided, 
as it not only increases the chances of boiling over, but may cause some 
volatilization of compounds of the precious metals. After these metals are 
reduced and alloyed with lead, the temperature can be raised with less danger 
of loss. A row of empty crucibles or a prism of coke should be placed in 
front of the crucibles containing the fusions, and the muffle door should be 
kept closed. 
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The time required ranges from 40 to 65 minutes, according to conditions. 
A long-continued fusion at a low temperature usually means a small lead 
button and an imperfect collection of the gold and silver. 

The period of quiet fusion should last about 10 to 15 minutes. The 
crucibles are then taken out of the muffle, tapped gently with a whirling 
motion, to collect stray shots of lead, and the contents poured into conical 
iron moulds. The greater part of the slag should be poured off first, so as 
to avoid splashing of the lead against the sides of the mould. When cold the 
load buttons are taken out and hammered into rough cubes, so as to remove 
the adhering slag. The lead buttons are now ready for cupcllation. 

Crucible Charges. It is impossible to give a crucible charge thjit would 
bo satisfactory in every case. Modifications in the amount and kind of 
reagents must be made to suit the character of the material to be assayed. 
However, the variations are not so great as is generally supposed, and many 
assayers use stock fluxes for a great variety of ores and metallurgical products. 
Changes are made only when the conditions seem to require them. 

The following table gives the approximate amount of the different reagents 
used in an ordinary crucible fusion: 


Ore 

Sodium carbonate 
Borax glass 
Flour or Nitre 
Litharge 


I assay-ton 
25 to 35 grams 
10 to 15 grams 

As required. (See Preliminary Assay) 
60 to 75 grams. . 


The Scorification Assay. The scorification assay is used principally in 
those coses in which an undue amount of interfering base metals would bo 
reduced along with the lead if crucible fusions were made. Thus, if a crucible 
fusion be made upon an ore containing copper or antimony, cither of these 
two metals will be reduced along with the lead and produce a button which 
is difficult to cupel. Even with sulphide ores there is a considerable reduction 
of the copper or antimony, as is shown in the following reactions: 


(10) Cu,S-l-3PbO-|-Na2CO,= Cu,+3Pb-f-Na SO^+COi, 

(11) Sb2Sa-|-9PbO-+-3Na8CO3=Sbj-|-9Pb-l-3Na2S04-l-3CO2. 


Nickel and cobalt are reduced in the same way. 

In the scorification assay the operations arc carried out under oxidizing 
conditions so as to prevent the reduction of the interfering metals. Metallic 
lead is used as the collector and is added as such. The flux is mainly lithnrge, 
coming from the oxidation of the lead, and a small amount of borax. 

The operation is conducted in shallow fire-clay dishes known as scorifiers, 
from 2 to 3 inches in diameter. The amount of ore taken is usually 
assay-ton, sometimes ^ or assay-ton. About 25 grams of granulated lead 
are spread over the bottom of the scorifier and the ore then added and thor¬ 
oughly mixed with the lead. The mixture is then covered with about 26 
grams more of granulated lead and one or two grams of borax glass. Usually 
from 5 to 20 portions of the ore are weighed up so as to lessen the chances 
of error. The scorifiers are placed in a muffle heated to redness and the door 
closed. As soon as the lead melts the door is opened, in order to admit air 
and increase the rapidity of the oxidation. The ore is seen to be floating on 
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the lead. The latter begins to oxidize and the litharge produced in turn 
oxidizes the sulphides in the ore, assisted by the oxygen of the air. The 
temperature at this point must be low in order to prevent volatilization of 
gold and silver. The ore is not protected by a large bulk of fluxes as it is in 
the crucible assay. As the oxidation proceeds, a ring of slag, mainly litharge, 
begins to form around the bath of lead. The ore gradually disappears, the 
gold and silver going into the molten lead and the gangue combining with or 
dissolving in the litharge. Owing to the strong oxidizing conditions, most 
of the copper and practically all of the antimony present go into the slag. 
As the ring of slag increases, the temperature is raised. Finally, the lead 
becomes completely covered, and the muffle door is closed in order that the 
slag may become thoroughly liquid. The contents of the scorifiers is then 
poured into conical moulds, as in the case of the crucible fusions. The lead 
buttons should weigh from 15 to 20 grams. Very small buttons usually mean 
low results. With high copper material it is sometimes necessary to scorify 
two or three times and to use a large amount of lead. The buttons are cleaned 
and cupelled in the usual way. 

The scorification assay is not adapted to ores containing volatile constit¬ 
uents, such as tellurides, arsenides and metallic zinc. Carbonates and highly 
oxidized ores are also unsuited to this method. If the ore contains much 
basic gangue it should not be scorified, as there is not enough acid flux to take 
care of it. Low grade gold ores are not usually assayed by scorification because 
of the small amount of ore taken. In practice the method is limited to ores 
and metallurgical products containing considerable quantities of antimony, 
copper, nickel and cobalt. It is a standard method for the assay of copper 
matte. Scorification is also sometimes used to reduce the size of and to 
purify lead buttons produced in the crucible method. 

Cupellation. Cupellation is the process by which the gold and silver are 
separated from the lead and other base metals with which they are alloyed. 
The cupels have already been described. They must be thoroughly dry and 
somewhat heavier than the lead buttons that are to be cupelled. A bone ash 
cupel will absorb about its own weight of litharge, but the absorption becomes 
slower when the saturation point is approached. 

In the cupellation process the lead is oxidized to litharge which is taken 
into the pores of the cupel by capillary attraction. This takes place because 
litharge is molten at the temperature of the operation. Most of the other 
base metal oxides are infusible at this temperature. When in moderate 
amorjnts, however, they dissolve in the liquid litharge and are carried into 
the cupel. If the lead contains much copper and antimony, the oxides of these 
latter metals accumulate on the cupel and may ruin the assay. Hence the 
need for scorification in these cases. 

The cupels should be heated in the muffle for at least 20 minutes before 
putting in the lead buttons. Cupellations are best started at a bright red 
heat, say about 900® C. As soon as the buttons are put into the cupels, the 
muffle door should be closed. If the temperature is too low, an infusible 
oxide will form on the lead as soon us the latter is melted and refuse to go 
into the cupel. The disappearance of this film of oxide on further heating is 
referred to as the “ opening ” or “ uncovering ” of the lead. Sometimes it 
is necessary to hasten the opening by means of a burning stick of wood placed 
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immediately over the cupel. This reduces the oxide and at the same time 
raises the temperature. When all of the cupellations acre uncovered^ the 
muffle door is opened and the temperature lowered rapidly to the lowest 
possible point at which the operation can proceed. This must be done because 
a temperature higher than necessary increases the loss of gold and silver. 
This loss occurs by absorption into the cupel and by volatilization. If the 
temperature falls too low, the buttons “ freeze ”; that is, the litharge, which 
melts at 883® C., solidifies on top of the liquid lead, which melts at 327® C., 
and the operation stops. 

At first thought it would seem that a temperature slightly above 883® C. 
would be the proper one for cupcllation. As a matter of fact the temperature 
of the muffle need not be above 760® C. This is due to the fact that the 
oxidation of the lead generates a considerable amount of heat, and the buttons 
arc thus hotter than either the muffle or the cupels. A good indication of the 
right cupcllation temperature is the formation of solid flakes of litharge, 
known as “ feathers,” upon the inner edge of the cupels. The volatilized 
litharge strikes the comparatively cool bone ash and sublimes as flake crystals. 

The presence of impurities usually increases the loss of gold and silver, 
and adds to the difficulties of the operation. Copper or nickel in quantity 
may cause the buttons to freeze even at moderately high temperatures. 
Antimony causes the formation of a hard, infusible crust of lead autimonate 
which retains silver and which often splits the top of the cupel. 

The surface of the lead in the cupel is convex, owing to the high surface 
tension of the metal. During cupcllation the drops of molten litharge can be 
seen rolling off of the lead and disappearing into the cupel. The surface 
tension of the melted litharge is less than the attractive force of the bone ash. 
In scorification, where the ve.ssel is not porous, the litharge forms a concave 
surface and climbs up the sides of the scorifier. This explains in part the 
high gold losses in the cupellation of lead containing gold and tellurium. 
Some of the gold telluride passes into the cupel just as in the case of litharge. 
Gold telluride is also more volatile than metallic gold. 

As the operation proceeds, the lead and other base metals gradually oxidize 
and disappear. Copper and bismuth arc less readily oxidized than lead, and 
hence tend to remain until most of the lead has gone. The temperature should 
be raised slightly at this point in order to prevent the buttons from solidifying 
before the base metals are completely oxidized. Small amounts of these 
metals usually remain, even in a well-conducted cupellation. The melting 
p<3int of gold and silver being considerably higher than the temperature of 
the muffle, the buttons solidify soon after the base metals are gone. At the 
moment of solidification the buttons flash or “ blick,” owing to the release of 
the latent heat of fusion. If the buttons are large and consist mainly of 
silver, they may “ sprout ” or “ spit ” on being withdrawn quickly. This is 
due to dissolved oxygen which escapes when the button solidifies. The 
sprouting may be prevented by covering the silver button with a hot inverted 
cupel as soon as the cupellation is finished, and allowing the covered cupel to 
remain in the muffle for several minutes. This insures a slow cooling of the 
silver bead. After cooling the buttons are removed from the cupel by means 
of forceps and the adhering bone ash brushed off. The buttons are then 
weighed on an assay balance to the nearest one-tenth of a milligram. If a 
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half-asBay-ton of ore wan ukccI, the results multiplied by two equal the ounces 
per ton of combined gold and silver. 

Cupellation involves the greatest precious metal lo.sses of all the processes 
in fire assaying. For that reason it must bo conducted with care and skill. 
The loss in silver ranges from 1 to 2 per cent, even under favorable conditions. 
If there are large amounts of impurities, or if a very high temperature is used, 
the silver loss may be several times as great. The gold loss is less than that 
of silver and should not bo more than § of 1 per cent. In all cases the per¬ 
centage losses of gold and silver increase as the amounts in the ore decrease. 

Parting. Parting is the separation of gold from silver in an alloy con¬ 
taining these metals, and is effected in fire assaying by means of nitric acid. 
This acid converts tlie silver into soluble silver nitrate, but is almost without 
action upon the gold. In order to part readily the alloy must contain at least 
three times ns much silver ns gold. Even at this ratio it is difficult to dissolve 
all of the silver. In practice, it is bettor to have a much larger proportion 
of silver, except in the a.ssay of gold and silver bullion. If the buttons produced 
in the assay of an ore are known to contain enough gold to render parting 
difficult or impossible, they arc subjected to the process known as inquartation. 
The buttons after weighing are wrappiul with about 10 times their weight of 
pure silver foil in 2 to !i grams of sheet lead and then cupelled. The resulting 
buttons are flattened and parted in the usual manner. 

An important point in parting is the strength of the acid. If a strong 
acid is used at first, the gold in the button is liable to break up into a fine 
powder which is difficult to manage without loss. By using a rather weak 
acid, containing from 10 to 20 per cent of llNOa, the gold has a tendency to 
coalesce into a coherent mass which can be washed and weighed as one piece. 
The treatment with weak acid is always followed by one witli a stronger acid, 
in order to remove the last traces of silver. The second acid should be about 
1.26 sp.gr., made by diluting the concentrated acitl with its own volume of 
water. In the case of buttons containing a small proportion of gold, the first 
acid should bo very weak, not more than 10 per cent HNO 3 . With more 
gold a stronger acid can be used, although the weak acid is usually effective, 
except when the buttons are very large. 

The parting may be done in porcelain capsules or in small glass flasks, 
known as parting flasks. Only a few cubic centimeters of acid are necessary. 
This should bo heated to boiling and the flattened beads then dropped into it. 
Solution of the silver l)cgins immediately. At the end of about 20 minutes, 
or when all visible action has ceased, the weak acid solution is decanted into 
a while casserole, carefully avoiding the loss of any gold. About 3 cubic 
centimeters of the stronger acid is now added to each flask or capsule and then 
heated almost to the boiling point. The heating is continued for at least 
10 minutes, when all of the silver should be in solution. The acid is then 
poured off and the gold washed three times by decantation with chlorine-free 
water. If capsules are used, the water is drained out as completely as possible 
and the capsules then placed on a hot plate or in front of the muffle for drying. 
If parting flasks are used, a fire-clay annealing cup is inverted over the top 
of each completely filled flask and the flask then quickly reversed, allowing 
the gold to fall quietly into the annealing cup. After removing the flask by 
a quick side motion, the water is poured off of the gold and the cup placed 
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on the hot plate. The final process is known as annealing. The capsules or 
annealing cups are placed in the mufiSe and heated to low redness for about 
5 minutes. The heating causes the brownish-black spongy or fibrous gold to 
coalesce into a dense flake or bead having the characteristic yellow color of 
the metal. The annealing also serves to drive off any volatile impurities 
which may be present, and to render it easier to separate any specks of dust 
or dirt from the gold. After cooling the gold is weighed on a delicate 
balance to the nearest .01 milligram—with a little care to the nearest .005 
milligram. The weight of the gold is deducted from the weight of the button 
before parting and the difference represents the silver in the portion taken 
for assay. 
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The Assay of Bullion 

Bullion is an alloy of gold and silver with variable amounts of one or 
more of the base metals, and is the semi-finai product of most non-ferrous 
metallurgical plants. In lend smelting this product is usually known as base 
bullion, in copper smelting as blister copper, and in amalgamation and cyanide 
processes as retort bullion or dor6 silver. The base metals may include anti- 
mr)ny, arsenic, bismuth, cobalt, copper, lead, mercury, nickel and zinc. Small 
amounts of .selenium and tellurium arc usually present, as well as traces of 
the platinum group of metals. In all cases the assay of bullion resolves itself 
into a problem of the .separation of metals from each other, there being prac¬ 
tically no non-metttilic elements present. 

Bullion Sampling. The sampling of bullion involves some difficulties not 
encountered in the sampling of ores. Most alloys on solidifying segregate to 
some e.xtent, so that the cooled metal is never uniform in composition. When¬ 
ever possible the samples should be taken from the thoroughly stirred molten 
alloy and then chilled (piickly, either by pouring into water or by pouring 
into small moulds mth thick metal sides ami bottoms. When there is danger 
of oxidation, this method of course is not entirely satisfactory. In impure 
bullion there is often a very uneven distribution of the gold and silver, and 
it is nceo.ssary to drill or saw entirely through the bar in order to obtain 
accurate results. In copper anode plates and other forms of blister copper 
the plates or bars arc drilled in series, so that the combined sample represents 
a proper percentage of drillings from all parts of each piece. Lend bullion 
is sometimes sampled in a .similar manner, although in this case the bars are 
usually punched instead of being drilled. The modern tendency is to take 
melted samples of all metallic products, even in the ca.se of blister copper. 

The Assay of Lead Bullion. The assay of lead bullion ordinarily involves 
only cupcilation aiul parting. The bullior, is often impure, however, and it 
may then be arlvisable to scorify the w('ighod portions before cupelling. If 
the sample contains much copper or antimony, it should always be scorified. 
The precious metal loss in scorification is less than it is in cupcilation, especially 
in the case of an impure bullion recpiiring a high temperature in order to 
cupel it. 

Ijcad bullion is usually run in four portions of one h.alf assay-ton each. 
The four silver buttons are weighed .separately and if there is a satisfactory 
agreement in the weights, the average is taken and the result multiplied by two. 
The buttons arc parted in pairs, thus saving time in washing and weighing. 
Groat care should be exorcised in the cupcilation of lead bullion and in the 
subsequent parting, as the bullion is a high grade product, and ordinarily no 
correction is made for losses in the cupel nr otherwise. 

The Assay of Copper Bullion. Copper bullion may be assayed by the 
scorification method, but the results are satisfactory only in the case of the 
gold. The silver obtained is always much too low. Most of the loss can be 
recovered by assaying the slag and cupels, but this requires additional time 
and materials. 

The best way to determine gold and silver in copper bullion is to use. the 
so-called combination method, in which the copper is first removed by solution 
in acid. Formerly nitric acid was used for this purpose, but it was found that 
the results were usually low in gold. There was a tendency for some of the 
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gold to go into solution. The nitric acid method is a convenient way of 
determining the silver, as the copper dissolves very rapidly in nitric acid, 
and the precipitation of silver as chloride is very complete. 

For the assay of both gold and silver the sulphuric acid-mercuric nitrate 
method is recommended. One assay-ton of the finely ground, well-mixed 
copper borings is treated in a large beaker with 30 cc. of water and 10 cc. of 
a solution of mercuric nitrate containing 25 grams of mercury per liter. The 
beaker is well shaken so as to amalgamate the copper, and 100 cc. of concen¬ 
trated sulphuric acid then added. The beaker is covered, placed on a hot 
plate and heated until all of the copper is dissolved. This will require from 
one to two liours, according to the temperature and fineness of the sample. 
The beaker is now removed and the solution is allowed to cool. 100 cc. of 
cold water are added, tlie mixture stirred, and then 400 ec. of boiling water 
added, with furtlicr stirring until all copper sulphate has dissolved. A solution 
of common salt is now added, just sufficient to precipitate all of the silver 
and mercury. Only a sliglit excess must be used, as silver chloride is soluble 
in strong sodium chloride solution. The beaker is replaced on the hot plate 
and the cotitents boiled so as to coagulate the silver chloride. The beaker is 
then removed, the solution diluted to 600 cc. with cold water and allowed 
to cool. The solution is then filtered through double filter papers, and the 
beaker and filter washed with hot water. The beaker should be wilted out 
with a filter palter and this adilcd to the material in the filter. The filter 
and its contents are now transferred tit a 2§-inch glazed seorifier and the 
filter paper burned off at a low temperature, so as to avoid loss of silver. 
After the pa|ter is burned off, 30 grams of test lead are added and the material 
scorified until 12 to 15 grams of lead remain. The seorifier is itourcd and the 
lead button cupelled at as low a temperature ns ]tossible. The gold and silver 
are parted in the usual way. The results are very accurate. 

The object of the mercuric nitrate is to hasten the solution of the copper 
by forming a galvanic couple. It prevents also the formation of copper 
sulphide which is insoluble in dilute sulphuric acid. 

Assays should be made in duplicate or triplicate. 
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The Assay of Gold and Silver Bullion 

In the fire assay of gold and silver bullion a correction must always be 
made for the metal losses, because of the great value of the bullion and because 
the refining losses on a commercial scale are considerably less than the losses 
in assaying. The a.ssays are, therefore, always run with a check or “ proof 
center.” The check is an artificial sample made up so as to have as nearly 
as possible the exact composition of the bullion to be assayed. Two checks 
and three portions of the bullion, all five of the same weight, are cupelled and 
parted under exactly the same conditions. The weights of gold and silver 
found in the bullion samples are then corrected by adding or subtracting the 
loss or gain experienced by the gold and silver in the checks. In the assay 
of gold bullion there is sometimes a gain in the weight of the gold, due to the 
imperfect elimination of the copper. This, however, should be the same in 
both checks and bullion samples. Results are reported in “ fineness ” or 
parts per 1000. 

Silver Bullion or Dor6 Bullion Assay. A sample of about 500 milligrams 
of the bullion is accurately weighed out on the assay balance. The weight 
need not be an even 500 milligrams but its exact amount should be recorded. 
The bullion is wrapped in from 6 to 8 grams of sheet lead and cupelled with 
the formation of feathers of litharge. The button is covered with a hot cupel 
to prevent sprouting. The cupel and button are drawn out of the muffle 
gradually, and the button is then cleaned, flattened and parted in the usual 
way. To the weight of the silver a loss of from 1 to Ij per cent is added. 
The weight of the comparatively small amount of gold can be taken as it is. 
The weight of the original button, less the sum of the corrected silver weight 
and the weight of the gold, represents the amount of base metal. This is 
usually copper, but may be one or more of a number of other metals. The 
assayer can usually determine what metals are present by the appearance of 
the bullion and that of the cupel. 

Two checks are now prepared by weighing in each case pure gold, pure 
silver and pure copper or other base metal in the amounts as found in the 
preliminary assay just described. Three 500-milligram iwrtions of the bullion 
are also weighed up. The checks and bullion samples are each wrapped in 
an amount of sheet lead corresponding to that in the following table, taken 
from Bugbee’s “ Text-book of Fire Assaying 


Fineness of 
Au. and Ag. 

950 

900 

850 

800 


Lead Ratio in Cupellation 


Wt. of Lead 


5 grains 

7 “ 

8 “ 

10 “ 


Fineness of 
Au. and Ag. 

7.50 
700 

6.50 
600 


Wt. of Lead 


11 grams 

12 “ 

13 “ 

15 “ 


The table shows that as the base metal, usually copoer, increases, the amount 
of lead must be increased. 

Cupellation is performed in a single row of cupels, all of the same size. 
The checks are placed in the second and fourth cupels. The heat should be 



FIRE ASSAY FOR GOLD AND SILVER 


485 


kept low enough to allow of the formation of feathers of Ijthargc until at the 
finish, when the temperature must be raised. 

The beads are cleaned, weighed, flattened and parted. The amount of 
gold and silver loss in the chocks is determined and the proper correction 
applied to the weights of gold and silver found in the bullion samples. 

If the bullion contains antimony, the process must include scorification, 
which is applied to checks and samples as well. When bismuth, selenium or 
tellurium is present in quantity, the silver must be separated by means of 
solution in nitric acid and subsequent precipitation as chloride. 

Gold Bullion Assay. The assay of gold bullion is in principle the same as 
that of silver bullion. As the gold is usually in excess of the silver, however, 
the process involves inquartation, with the use of a stronger first acid than 
when parting ordinary silver buttons. 

U. S. Mint Method. Sample portions of 500 milligrams are taken for assay. 
A preliminary cupellution is made as in the case of <lor6 bullion. The amount 
of silver to be added for the final assay is determined by the touchstone method. 
The cupelled gold and silver button is rubbed on a piece of black jusix!r and 
the streak made compared with those made by alloys of known composition. 
This gives the fineness within 2 ijcr cent, which is close enough. A ratio of 
silver to gold of 2 to 1 is u.sed in making up the checks. If no copper is present, 
about 3 or 4 per cent is added as it facilitates the removal of the last traces 
of lead in cupellation. The cupelled buttons are flattened by hammering, 
annealed at a red heat, and then pn.ssed through a pair of jeweller’s rolls, 
until they arc converted into fillets about 2^ inches long and J inch wide. 
The fillets are again annealed and rolled up into “ cornets ” or spirals. Suffi¬ 
cient space should be left between the turns to permit of easy contact with 
the acid. The parting is done by boiling for 10 minutes in nitric acid of 1.28 
sp.gr., and then transferring to another vessel containing acid of the same 
strength and boiling for 10 minutes longer. The cornets are then washed 
three times with distilled water, dried, annealed and weighed. 

The proofs usually show a slight gain in the weight of the gold, so that the 
correction is made by subtracting the gain from the average weight of the 
gold found in the sample portions. 

The gold after parting should be in one piece and have smooth edges, 
ns otherwise there is danger of loss. 
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The Assay of Cyanide Solutions 

A number of methods have been devised for the determination of gold and 
silver in cyanide solutions. Only two of these methods will be described here. 

Evaporation in Lead Tray. This method is adapted to cyanide solutions 
containing only small amounts of base metals or other impurities. A small 
tray or boat is made of lead foil, capable of holding the amount of solution to 
be assayed. A wooden block or form is used to make the trays if many assays 
are required. The solution has about the same specific gravity as water, 
so that 29.2 cc. are assumed to be equal to an assay-ton. An amount of 
solution varying with its richness is put into the lead tray and slowly evaporated 
to dryness on the hot plate. The lead tray is then folded up and cupelled 
in the usual manner. 

The Chiddey Method. This method, first described by Alfred Chiddey, 
is adapted to almost every grade and character of cyanide solutions. 

From 1 to 20 assay-tons of solution are heated in a beaker or evaporating 
dish. To the solution is added from 10 to 20 cc. of a 10 per cent solution of 
lead acetate containing 40 cc. of acetic acid per liter. From J to 2 grams of 
zinc dust or zinc shavings is then added. The gold, silver and lead immediately 
begin to precipitate on the zinc. The solution is heated for about 20 to 25 
minutes, but not to boiling. The lead should coalesce into a spongy mass. 
Boiling the solution is liable to break up the sponge. The exce.ss zinc is now 
dissolved by adding slowly 20 cc. of hydrochloric acid of 1.12 sp.gr. The 
heating is continued until effervescence ceases. It may be necessary to stir 
slightly in order to make sure that all zinc is dissolved. The solution is now 
decanted off and the lea<l s|x)nge washed two or three timcis with water. 
The excess water is squeezed out of the sponge with the fingers, the sponge 
further dried by pressing between filter paper and then rolled into a ball with 
lead foil and the necessary silver for parting. A hole should be left in the 
lead foil for the escape of steam. The bull is then dried and cupelled. 

As the lend sponge begins to break up and go into solution as soon as all 
of the zinc is dissolved, no time should be lost in decanting the solution after 
the zinc has disappeared. 

Special Methods of Assay. There are many ores and metallurgical products 
that require special methods for the determination of the gold and silver that 
they contain. It is impossible to refer to these methods here. A knowledge 
of the composition of the sample, however, will usually enable the skilled 
assayer to so modify the ordinary processes as to obtain satisfactory results. 

For further details in regard to standard and special methods of fire assaying 
the reader is referred to such works as “ A Manual of Fire Assaying,” by 
Chas. H. Fulton, published in 1911, and “A Textbook of Fire Assaying,” 
by Edward E. Bugbee, published in 1922. 
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Sunmuiy. General Outiine. 

An assay ton (A.T.) or multiple is taken, of the 80-200-mcsh ore or 20- 
mesh shavings of metals and is heated with a flux of lead oxide, a suitable 
slag forming material aiul a reducing or oxidizing reagent ns the case requires, 
(see preliminary assay below), in order to obtain by retluction about 18 g. 
of lead from the lead oxide. The molten lead alloys with the silver and gold 
(and copper) and sinks to the bottom of the melt. Tlie cliarge is cooled and 
the slag hammered off the lead and the button or cube of lead is heated on a 
bone asli cui>el in presence of air. The bone ash absorbs the oxides of lead (and 
copper) leaving the i)rccious metals in tlie form of a Ijoail. As the last trace 
of lend is removed a i)lay of colors is seen with a final flash of light as the alloy 
of silver and gold apiKsars (“blick"). The combined gold and silver button 
is weighed, the silver now (lissolved (parting) from the gold and the residual 
gold weighe<l. The difference between the first and secoiul weight is due to 
silver. 

Preliminary Assay. This is to ascertain the nature of the material os 
neutral, oxidizing or reducing i)roducts require different treatment. Usually 
one-sixth of the charge of ore is taken with the regular charge of flux, without 
a reducing or o.xidizing agent. A typical example of a charge is oiu^-sixth A.T. 
of ore, 100 g. litharge, 20 g. sodium bicarbonate and 5 g. i)ornx. Using this 
charge the following c.ascs will illustrate the method of interpretation. 

A. Reducing Ores. Sup|>osc a 2 g. I’b button is obtained. This is equiva¬ 

lent to 2 X 0 “ 12 g. on a customary charge of 1 A.T. of ore. Additional 
reducing agent is necc.ssary to get the 18 g. Pb desired. I g. charcoal reduces 
about 80 g. Pb, hence (18 — 12) 30 = 0.2 g. charcoal rccpiired. 

On the other hand suppose a 4 g. Pb butttm results, equivalent to 24 g. 
with full charge of (>re. It is necessary to add an oxidizing agent to counteract 
the reducing action of the ore to the extent of 24 — 10 = 6 g. Pb excess. 

1 g. NaNOj oxidizes 4 g. Pb. Therefore 0 -f- 4 = 1..5 g. NaNOj is required. 

B. Neutral and Oxidizing Ores. In this cu.se no load is reduced. A second 

run must be made with say 1 gram of charcoal (30 g. Pb equivalent). If 30 g. 
Pb results the ore is neutral and 18 .30 = 0.0 g. charcoal is rerpiired. 

On the other hand suppose 28 g. Pb results, then the ore is an oxidizer and 
1 A.T. of the ore will oxidize 2 X 0 = 12 g. Pb. To counteract this 12 + 30 
= 0.4 g. charcoal is necessary and 18 -i- 30 = 0.0 g. charcoal to reduce 18 g. 
Pb, making a total of 0.4 + 0.0 = 1 g. charcoal required. 

Precaution. All reagents used should be tested by regular assay. 

A 20-25 gram button of lead is generally required in the assay of ores high 
in silver. • 

Solution Assay. Place 10 assay tons of the solution in a 1000 cc. beaker. 
Add about 30 cc. of a 20% lend acetate solution (the amount being governed 
by the strength of the solution). Dilute to about twice the volume and heat. 
Add about 5 grams of zinc shavings, heat until solution clears. A<ld 30-40 cc. 
HCI. When clear, decant off solution, wash the lead and squeeze into a 
button. Assay the button. 

The writer is indebted to Mr. W. G. Derby for several ^uts appearing in 
tliis chapter. 
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DETERMINATION OF PLATINUM, PALLADIUM, GOLD 
AND SILVER* 

Platintun, Palladium and Gold. Scorify the lead buttons from two or 
more ^ assay ton crucible fusions together, adding at least six times as much 
silver as the combined weight of the Pt, Pd and Au present, and cupel hot. 
In rich materials such as slimes or concentrates, two i assay ton fusions suffice, 
but low-grade ores may require 10 or more ^ assay ton fusions combined for 
each determination. 

Part the silver beads with HNO, (1 ; 6), followed by stronger parting acid 
(1 : 1) and wash with water as usual. All Pd goes into solution, together with 
considerable Pt. The residue consists of Au plus some Pt. Dissolve residue 
in strong agua regia and reserve the solution (solution A). Precipitate the 
silver in the nitric-acid solution—containing Ag, Pd and some Pt—with HCl. 
Practically all the Pt will remain in solution; but the precipitated AgCl is 
pink in color and contains considerable Pd. Filter off the AgCl, scorify and 
cupel it and part again with HNO, (1 : 61; all should dissolve. Re-precipitate 
the Ag with HCl. The liquid now contains most of the remaining Pd, but 
some is co-precipitated with AgCl. Filter off the AgCl and add the filtrate 
to the first filtrate from AgCl. Again scorify and cupel the silver chloride, 
dissolving the silver in nitric acid as before and re-precipitating the silver as 
chloride. In most cases the filtrate from this silver chloride contains all the 
remaining Pd. If however, the AgCl is distinctly pink, another separation 
must be made. 

Unite all filtrates from AgCl precipitations and evaporate to small bulk, 
adding the agua-regia solution of the Au and Pt (solution A). The liquid now 
contains all the Au, Pt and Pd present in the original ore, together with traces 
of Ag due to solubility of AgCl in excess of HCl, and also traces of Pb gathered 
from the lend retained in the silver buttons from several re-cupellations. 

Evaporate the liquid to dryness on the steam bath; take up with dilute 
HCl (1 : 3) and evaporate again to dryness; take up with five drops of HCl 
and 40 cc. 11,0. Pay no attention to any insoluble residue of AgCl or PbClj.'* 
Precipitate the gold by adding, say, 3 gm. of oxalic acid to the solution and 
boiling it. Let stand over night and filter off the Au. If Pt and Pd are high, 
it is necessary to re-dissolve the Au in agua regia, evaporating with HCl to 
dryness and repeating the oxalic-acid precipitation, uniting the filtrate with 
that from the first gold precipitation. Burn, the filter containing the gold 
and scorify it with six times its weight of silver and a little test lead; cupel, 
part and weigh the gold as usual. 

Td the oxalic-acid filtrates from Au add 5 cc. of HCl and make volume up 
to 150 cc.; heat to boiling and precipitate Pt and Pd with a rapid current of 
H,S in hot solution, passing the current of gas for some time and keeping the 
solution hot during precipitation. Filter and wash the Pt and Pd sulphides 

‘ By A. M. Smoot, Eng. and Mining Journal, April 17, 1915. 

' In materials rich in palladium the small amount of A^l + PbCl, may be dis¬ 
tinctly pink in color and retain weighable quantities of Pd. If this is the case, the Pd 
may be recover^ in the solution from the nitric acid parting of the ^Id. To do this, 
precipitate the silver in this liquid by adding HCl, niter off the silver chloride and 
evaporate the filtrate to dryness. Take up with a drop of HCl and a little water, let 
stand over night and filter through a very small filter. This liquid may be added to 
solution B bemre precipitating palladium with glyoxime. 
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with HiS water containing a little HCl. Wash the precipitate from the filter 
with a fine water jet into the original beaker; spread the filter paper (which 
will contain a small amount of precipitate impossible to wash off) with the 
precipitate side down over the lower side of a watch glass-cover. Add aqua 
regia to the precipitate in the beaker and place the cover on the lieaker; warm 
gently to dissolve the Pt and Pd sulphides. The fumes arising from the acid 
dissolve the traces of Pt and Pd adhering to the filter paper. When solution 
is complete and filter paper is white, remove the watch-glass cover and wash 
the paper with hot dilute HCl thrown again.st it in a fine stream. 

Evaporate the aqua-regia solution to dryness, take up the residue with HCl 
and evaporate again to dryness to remove all HNOj. Take up the residue 
with two or three drops of H(U and about 2 cc. of H,0. The solution is usually 
perfectly clear, but it may be slightly cloudy owing to the presence of a little 
AgCl in it. No attention need be paid to this however. Add 5 to 10 cc. of 
a saturated solution of NH 4 CI, stir well and allow to stand over night. Plati¬ 
num is precipitated as ammonium-idatinum cliloridc—(NH 4 ),PtCl«. Filter 
and wash the precipitate with 20% NH 4 C,'l solution. All Pd passe.--, into the 
filtrate which is reserved (solution li). Dissolve tlie Pt preidpitate in boiling 
hot 5% H 1 SO 4 ; heat the liquid to actual boiling and i)rccipitatc with HjS as 
before, filtering and washing with H;S water. Hum the filter and precipitate 
at a low temperature in a scorificr; add six times as much Ag ns Pt, scorifying 
with lend, cupel and part the silver bend containing the platinum with HjS 04 ; 
decant off the silver solution and wash once with strong H.iS 04 , followed by 
50% HjS 04 until practically all the silver is washed away; finally wash with 
water, anneal and weigh. A minute quantity of Ag is retained with the 
platinum, but it can usually be neglected. In very important work where 
the amount of platinum is large dissolve in aqua-regia, evaporate the solution 
to dryness, take up with a drop of HCl, dilute largely with water and let 
the AgCl settle over night; filter on a small paper, cuixd it with a little sheet 
lead and deduct the weight from the weight of platinum. This refinement 
need not be considered in materials running less than 15 or 20 oz. to the ton. 

It may seem an unnecessary step to precipitate the platinum as sulphide, 
scorify it with silver and part it as described in the foregoing. Ccneral practice 
has been to ignite the ammonium-platinum-chloridc precipitate and weigh the 
metallic residue. When this is done, however, there is danger of losing con¬ 
siderable platinum, which is carried a-way mechanically during the decomposi¬ 
tion of the compound; furthermore, it is extremely difficult (if not impossible) 
to collect the finely divided residue for weighing, and the precipitate invariably 
contains lead and silver. Precipitation as sulphide, scorification and cupella- 
tion with excess silver and parting with sulphuric acid overcome the difficulties 
inherent in handling the ammonium precipitate. 

The palladium is all contained in the filtrate and washings from the platinum 
ammonium-chloride precipitates (solution B). Add to this solution at least 
seven times as much di-methylglyoxime as there is Pd present (in any case, 
at least 0.1 gm. glyoxime). The precipitant should be dissolved in a mixture 
of two-thirds strong HCl and one-third water. Dilute the liquid to 250-300 
cc., heat on a steam bath for half an hour and let stand over night. Pd is 
preciiHtated as a voluminous yellow, easily filtered glyoxime compound 
C»Hi 4 N 404 Pd, containing, when dried at 110® C., 31.689% of Pd. Filter the 
Pd precipitate on a weired Gooch crucible and wash it, first, with dilute HCl, 

39 
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half and half, then with warm water and finally with alcohol; dry it at 110 “ 
to 115“ C. and wciKh. The disadvantage of weighing palladium on a Gooch 
crucible is overcome—at least to some extent—by the fact that the Pd com¬ 
pound contains a relatively small amount of Pd—less than one-third of its 
weight. This compound may also be weighed on carefully counterpoised 
papers; but it is better to use Gooch crucibles, if they are available, because 
of the relatively strong acid which is required for washing. The object in 
using half-and-half hydrochloric acid as a wash liquid is to dissolve out any 
excess of the glyoximo precipitant. This is easily soluble in moderately 
strong HCI, but is substantially insoluble in water. 

Detenninatioa of Silver in Ores and Concentrates Containing 
Platinum and Palladium 

Make the usual crucible fusion on one-quarter, one-half or full assay ton, 
according to the amount of silver present. Instead of cupelling the lead 
button, hammer it free from slag and dissolve it in dilute nitric acid. Most 
of the silver passes into .solution together with palladium, and perhaps a trace 
of platinum; but gold and most of the platinum remain insoluble. The gold 
and platinum retain an appreciable proportion of silver which cannot be 
washed out. Filter out the insoluble residue and wash it thoroughly with 
hot dilute nitric acid, followed by hot water. Scorify the residue once more 
with a little lead and dissolve the lead button as before, filtering into the beaker 
containing the first filtrate. In this liquid precipitate the silver as AgCl by 
adding standard NaCl in sufficient quantity; stir well, and if the amount of 
silver is small, add about | cc. of strong H 2 SO 4 to form a precipitate of lead 
sulphate. Let the silver chloride, or the silver chloride plus lead sulphate, 
settle over night or until the supernatant liquid is clear; filter through double 
filter papers; ignite and scorify the residue of silver chloride with test lead. 

If the amount of the palladium contained in the sample is small, the silver 
bead obtained by cupeling the lead button obtained by scorifying the silver 
chloride may be considered as sufficiently pure for ordinary purposes. It 
contains, of course, some palladium, and in accurate silver determinations the 
lead button from the first silver chloride precipitation should be re-dissolved 
and the silver re-precipitated, filtered and scorified as before. The amount of 
palladium retained after the second precipitation and scorification is so small 
as to be negligible. 



STRONTIUM 

St^,at.wt. 87.62; ap.gr. 2.54; m.p. 900° C; oxidea SrO and SrO«. 
DETECTION 

Strontium is precipitated with barium and calcium, in the filtrate, from the 
ammonium sulphide group, by addition of ammonium carljonate to the ammo- 
niacal solution. The precipitate is dissolved in acetic acid and tresited with potas- 
tassium dichromate, and the barium filtered off a.s HaCrOi. Strontium and cal¬ 
cium in the filtrate are seimnited from the excess of potassium chromate by 
reprecipitation as carbonates by the addition of ammonium carbonate, the 
precipitate again dissolved in acetic acid and the excess of free acid neutralized 
with ammonia. Strontium may now l>e precipitated fri)m the concentrated solu¬ 
tion by boiling with an equal volume of a saturated solution of calcium sulphate. 

Sodium Sulphate Test. .\ saturated solution of the salt added to a solution 
containing strontium chloride, made strongly acid with acetic acid, and the 
mixture boiled, will produce a distinct precipitate if strontium exceeds 0.0015 
normal. Calcium does not precipitate until 1.3 nonnality is reached.' 

Flame Test. Strontium, preferably in the form of the chloride in a hydro¬ 
chloric acid solution, placed on a platinum Usip and held in a colorksss flame, 
colors the flame crimson. (Lithium gives a red color, calcium a yellowish-red.) 
The test is best confirmed by means of tlie sixictroscojx). 

The Spectra of Strontium. Eight bright bands; 0 are red, 1 orange, 1 blue. 
Two of these, known as strontium /i and y, arc red, the orange is strontium a and 
the blue strontium a. The delicacy of the test is 0.6 milligram Sr per cc. The 
test is very much more delicate with the arc spectra, e.g., 0.03 milligram Sr per 
cc. See chapter on barium, Preliminary Tests under Separations. 


ESTIMATION 

Strontium never occurs free in nature. It is found principally in the ores 
celestine, SrSOi, and strontianite, SrCOi. It generally accompanies calcium 
in the various forms of calcite and aragonite. It occurs with barium in Uary- 
tocelestine, and is found in barytes. It also occurs associated with barium as 
a silicate in brewsterite, Al,0.-H.(BaSr)0,-(SiO,).'3H,0. It is found in traces 
in certain mineral waters and in sea-water. 

The compounds of strontium are used for medicinal purposes; for red fire_ in 
pyrotechnics; for the manufacture of iridescent glass; the dioxide for bleaching 
purposes; the sulphide for luminous paint; the hydroxide for refining of beet¬ 
root sugar, being preferable to lime, as the saccharatc of strontia is more granular. 


Chapter contributed by Wilfred W. Scott. 
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STRONTIUM 


Preparation and Solution of the Sample 

Tho following facts regarding solubility may be of value in the determination of 
stnnitiuin. 1 (K) cc. of watet dissolves 1.(4 grams Sr(0H)»-H»0 at 20® C. The 
hydroxide i.s less soluble than that of barium. The peroxide dissolves to the 
extent of only 0.008 gram per 100 cc. 20” C. One hundred cc. of water dissolves 
0.0011 gram ‘ SrC:Oj (18°); 0.0114 gram SrSO, at 18° and 0.0104 at 100 °; the 
presence of sulphuric acid decrea.sc 8 this solubility, i.e., 0.00083 gram SrS 04 ; 
0.0051 gram SrCaO^-HiO at 18° and 5 grams at 100° C.; the presence of oxalic 
acid decTeases this solubility. The sulphate dissolves in concentrated sulphuric 
acid, and is appreciably soluble in HCl, HNOs, IICjHjO,, NH 4 CI, NH 4 NO 1 , 
Nad, MgClj. Tho carbonate and oxalate are soluble in mineral acids. 

The procedure for the treatment of ores and strontium products is the same 
as those described for barium and calcium. We refer to the chapters on these 
elements for tho preparation of the strontium solution. 

SEPARATIONS 

Separation of Strontium from Magnesium and the Alkalies. The pro¬ 
cedure is the same as the one given in detail under barium for the separation of 
the alkaline earths from magnesium and the alkalies. Either the oxalic acid 
method or precipitation of strontium as a sulphate in presence of alcohol will 
accomplish this separation. If a sulphate precipitation is made it will be neces¬ 
sary to fuse the sulphate with sodium carbonate to get it into solution or to effect 
further separation from members of the ammonium carbonate group, should 
these be present. 

Separation of Strontium from Calcium.’ Strontium and calcium are con¬ 
verted into tho nitrates and taken to dryness and all water expelled by heating 
to 140° ('. for an hour or more. The nitrates are now extracted with equal 
parts of absolute alcohol and anhydrous ether or by boiling with amyl alcohol 
at 130° C. (hood). Strontium remains insoluble and calcium goes into solu¬ 
tion as the nitrate. Strontium nitrate may require further solution in water, 
evaporation to dryness, heating and extraction to remove calcium completely, 
should this be present in large excess. Tho nitrate of strontium is dissolved 
in water and strontium determined by one of the procedures given later. See 
detailed procedure for separation under Barium. 

Separation of Strontium from Barium. The procedure is given in detail 
under chapter on Barium. In brief one of the following methods may be used; 
Strontium and barium in a mixture of the nitrates are separated from calcium 
by treatment with other-alcohol mixture, in which Ba(NOi)i and SrfNOi)* are 
insoluble. The nitrates dis.solved in water are sepitratcd by precipitating barium 
as BaCr 04 from a faintly acetic acid solution, strontium remaining in solution. 

If preferred, barium may be first removed as a chromate, strontium and cal¬ 
cium precipitated from an ammoniacal solution by (NH 4 )aCOi as carbonates, 
the carbonates converted to nitrates aiid 8 r(NOt )4 separated from Ca(NO«)i 
in an ether-alcohol solution or by amyl alcohol. Details of the separations are 
^ven under Barium. 

‘Treadwell claims solubility >(0.00055, i.e., 1 part SrCOj in 18,045 parts of water. 

* Advantage may be taken of the insolubility of strontium sulphate in ammonium 
sulphate in separating it from the soluble calcium salt. 
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GRAVIMETRIC METHODS 

Strontiuin may be conveniently determined either as the sulphate, the car* 
bonatc or as the oxide. The first procedure is considered the liest by authorities. 

Determination as Strontium Sulphate, SrS 04 

Procedure. A slight excess of dilute sulphuric acid is added to the neutral 
solution of strontium, and then an equal volume of alcohol. The mixture is 
stirred well and settled for several hours, or overnight, if more convenient. The 
precipitate, .SrSO,, is filtered onto a small ashless filter and washed first with 
50% alcohol containing a little sulphuric acid, then with alcohol until free of 
acid. The precipitate is dried and the i)aix^r and the greater i)art of the salt 
ignited separately, then combined and weighed as SrSO,. 

Factors. SrSt hX 0.477 = Sr, or XO.So:i7 =SK'(),, or XO-.^OIS »SK). 

Determination as Strontium Carbonate 

Strontium carl)onatc is not r<‘adily decom|X).sed Ijy ignition as is calcium 
carbonate, so tliat its detcnninalion in tliis fonn may Ik* satisfactorily nuule. 

Procedure. Tlu! carixmate is precipitated by adding ammoniutn <-arlM>tmte 
in sliglit exce.ss ‘ to the ammoniacal solution of strontium, Iniutcd nearly to boiling. 
The solution is allowed to stand for severd hours and filtered cold. The wa,shed 
strontium carbonate and filter are ignited gently and the c(M>lcd nssidue weighed 
as Srt’O,. 

Factors. SKX>jX0..5!);t5 =.‘'r, or X 1.2445 ^SrSO,, or X0.7()2 =,SK). 

Determination as Oxide, SrO 

Strontium is preeipitatcsl .as the oxalate by a<lditiun of ammonium oxalate 
to the slightly anunoniacal solution. The pnjcipitate is filtered and washed with 
water containing tunraonium oxalate;. The residue is ignited and weighed as 
SrO. 

Factors. SrOXO.Sd.W =Sr, or X1.772(i=Sr.S(),, or X1.4245 =SK'0,. 

VOLUMETRIC METHODS 

The volumetric methods for determining strontium pnwuppose its isolation 
from other elements. 

Alkalimetric Method, Titration with Standard Acids 

Either the carbonate or the oxide of strontium may l)c titrated with standard 
hydrochloric or nitric acids. The comjxmnd Ls treated with a known amount 
of standanl acid added in cxce.ss, using methyl orange indicator. The solution 
is heated below boiling to complete the reaction and, ujam cooling, the excess of 
acid is titrated with standard alkali. 

Onecc.nonnal acid =0.04381 gramSr, or0.05I81 gramSK), orO.07381 gramSrCO,. 

> N. B. Avoid a large excess of (NHOAX),. NU4CI has a solvent action on 8rCO«. 
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Titration of the Chloride with Silver Nitrate 

Strontium chloride, free from other chlorides, may be determined indirectly 
by titration of its combined chlorine with silver nitrate by Mohr’s method, using 
potassium chromate indicator. One cc. N. AgNOi =0.04381 gram Sr. 

The oxide or carbonate is slightly supersaturated with hydrochloric, then 
taken to dryness and heated at 120® C. in the air bath to expel the excess of acid. 
Chlorine is determined on an aliquot portion. 



SULPHUR 


S, at.wt. 32.065; sp.gr. 2.0.%5; m.p. Ill”; b.p. 444.53°; oxides SiOi, SOn 

SOa, SjOt; principal acids HiStOa. HtSOi, HiSOw HjSjOj, and HtStO't. 

DETECTION 

The following tests inchidci the detection of free sulphur and its more important 
combined fonits. 

Element. Sulphur is a polymorphous, yellow, brittle, odorless and tasteless 
solid; existing in the rhombic, monoclinic and triclinic crj'stalline forms, and 
also in an luuorphous state. At 111” ‘ it melts to a pale yellow liquid; at 180” 
it thickens to a tlark gum-like material, containing a large percentage of amor¬ 
phous sulphur; at 200° it becomes a liquid again, and at 444.53” it boils, giving 
olT a brownish-red vapor. 

The important commercial forms of elemental sulphur are: Flowers of 
Sulphur, consisting of rhombic sulphur and not less than 30% of amorphous 
sulphur w’ith a small amount of occluded free acid; Powdered Sublimed 
Sulphur (often culled Flour Sulphur, a confusing term that should be abolished), 
consisting essentially of finely ground sublimed sulphur all in the rhombic 
form though at times a small j)ercentage of amorphous sulphur Is present; 
Refined Brimstone and Roll Sulphur (in some sections termed Virgin Lump 
Sulphur), consisting entirely of sublimed sulphur in the rhombic form; Pow¬ 
dered Brimstone (often termed Commercial Flour, Superfine Flour and the 
like); and Brimstone or Crude Lump Sulphur. In these eommercial sulphurs 
the physical form and the presence of certain small amounts of impurity are 
the characteristics of most importance as all the varieties named, even the 
Brimstones, usually contain in excess of 99.5% available sulphur. 

Healed in the air .sulphur burns with a blue flame, and is oxidized to SO», a 
gas with a characteristic pungent odor. This gas passed into a solution of 
Ijotiuwium [Kinnauganato will decolorize it, if SO, is in excess of the amount that 
will react with the KMnO, in the solution. 

If sulphur is dis.solved in a hot alkali solution and a drop of this then placed 
on a silver coin, a stain of black AgjS will be evident, due to the action of the 
sulphur. , 

Sulphides. Hydrogen sulphide, HiS, is liberated when a sulphide is treated 
with a mineral acid. This g-as blackens moist lead acetate paper. H,S has a 
very dissigreeable odor, which is characteristic. 

Sulphates. A white compound, BaSO,, is precipitated in presence of free 
hydrochloric acid when a solution of barium chloride is added to a solution of 
a sulphate. 

Insoluble sulphates are decomposed by boiling or fusion with alkali carbonates, 
forming water-soluble alkali sulphates. 

Chapter contributed by Wilfred W. Scott with additions by Charles A. Newhall. 
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Sulphites. Sulphur dioxide, SOj, w evolved when a sulphite is treated with 
hydrochloric acid. The odor of the gas is characteristic. 

Sulphur dioxide decolorizes a solution of potassium permanganate. (Use 
very dilute solution.) 

Sulphites arc distinguished from sulphates by their failure to form a white 
precipitate, when barium chloride is added to the solution acidified with hydro¬ 
chloric acid; also by the fact that HjS is fonned when zinc is added to a solu¬ 
tion of a sulphite, acidified by hydrochloric acid. 

Thiosulphates. Sulphur dioxide is evolved and free sulphur preeipitated 
when a thiosulphate is acidified with dilute mineral acids. In presence of 
oxidizing agents sulphides will also liberate free sulphur. 

Thiosulphates are strong reducing agents. 

ESTIMATION 

The determination of sulphur may be required in a great variety of sub¬ 
stances, minerals, rocks, sulphur ores, acids, salts, water, gas, coal and other 
organic matter, insecticides, fungicides, stock mcdicants, fertilizer and other 
agricultural materials. 

The substance occurs in nature principally in the following forms: 

Element. Found free, generally mixed with earthy matter. The commer¬ 
cial product is exceedingly pure and may contain over 99..5% S. 

Sulphur Dioxide. The giks, together with free sulphur, is found in volcanic 
regions. 

Hydrogen Sulphide. Occurs in mineral waters and in the air, from decaying 
organic matter. 

Sulphide Ores. Inm pyrite, FeSj (UO to .50% S); ferro ferric sulphide, 
FejOa-.5FeS; pyrrhotite, F07S,; copper pyrites, CuFeSj; realgar, AsjSi; orpi- 
ment, As,Si; galena, PbS; cinnabar, HgS; zinc V)lende, ZnS. 

Sulphate Ores. {iyi)sum, CaS() 4 -‘ 2 HiO, very abundant; barytes, or heavy 
spar, BtvSO<; celestit(% SrSOi; kieserite, MgS 04 -nj 0 ; bitter spar or Epsom 
s^ts, MgS0,-7U>0; Olaubersalt, Na,SO4-10HjO; sulphates of alkalies in animal 
and plant fluids. 

The gravimetric detenuination of sulphur, by iirocodures of technical impor¬ 
tance, depends iqsm its precipitation as barium sulphate, BaS 04 , after converting 
it into sulphuric acid, or a soluble sulphate, if not already in this form. Oxida¬ 
tion of free sulphur, sulphides, sulphites, metabisulphites, thiosulphates may be 
accomplished by either dry or by wet metluxls, details of which are given under 
subsequent proceilures. 

The volumetric methods of detennining sulphur depend upon titration with 
oxidizing agimte, or by acids, or by alkalies, according to the form of the sulphur 
compound, or by means of a substance forming an insoluble compound with sul¬ 
phuric acid. For ox.ample sulphides are treated with a strong mineral acid (HCl), 
the evolved HiS absorbed in a suitable reagent, and the sulphide formed is 
titrated with standard iodine. Sulphites may be determined either by oxida¬ 
tion with iodine or by titration with an acid in presence of methyl orange. Acid 
su^hites or inetabisulphites may bo determined by the iodine titration or by 
titration with an alkali in presence of phenolphthalein. Thiosulphates are 
titrated with iodine. 
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Preparation and Solution of the Sample 

Sulphide. Sulphides of Na, K, Cs, Rb, Ca, Sr, Ba, Mg, Mn, Fo are soluble 
in dilute mmeral acids. The sulphides of Ag, Hg, Pb, Cu, Bi, Cd, Co, Ni 
require strong acids for decomposition. These are also insoluble in sodium 
hydroxide and potassium hydroxide solutions. As, Sb and Sn sulphides are 
insoluble in dilute acids, but soluble in alkalies. 

Sulphate. With exception of BaSO,, (’aSO,, SrSOi and PKSO,, sulphates 
are soluble in water. 

Thiosulphate. Nearly all are soluble in water. 

Sulphite. With exception of the sulphites of the alkali<!s, sulphites of the 
metals are difficultly soluble in water, but readily decoiuis)sed by acids. 

Decomposition of Sulphur Ores 

The wet procedure for oxidation and deetjinposition of .sulphur ores is given 
in detail under the Gravimetric Meth(xis, page 498. This process is used for the 
valuation of the ore, and is applicable to a wide range of substances. 

Fusion Method. One gram of the finely ground ore (HO mesh) is intimately 
mixed with 6 grams of zinc oxide-sodium carlmnate mixture (1 parts ZnO-f-l 
part NajCOi), placing 2 grams more of the mixture over the charge. The material 
is fused and sulphur extracted accortling to the procedure descril)cd for coal— 
lOschka's method. 

Sulphur in Coal, Eschka’s Method 

One gram of coal is intimately mixed with 3 grum.i of Kschka's compound, 
consisting of 2 parts of porou^, calcined magnesia and 1 part of anhydrous sodium 
carbonate. The mixture, placed in a platinum crucibhi, is covered with about 
2 grams more of Eschka’s com]x)und. The charge is placcxl in an ojx!n platinum 
crucible, which is protected from the flame by a shield, as .showm in Fig. 66. If 
possible, a sulphur-free flame should be used to avoid contaminating the material. 
VVith proper precautions, the shield will prevent this. Heating in a crucible 
electric furnace completely avoids sulphur contamination. The mixture is 
heated very gradually, to drive off the volatile matter, the charge Ixung stirred 
frequently with a platinum wire to allow free access of air. 1'he heat is 
increased, after half an hour, to a dull redness. When the ciwlxm has burned out, 
the gray color having changed to a yellow or light brown, the heat is removed 
and the crucible cooled. 

The powdered fusion is digested with 100 cc. of hot water for half a^ hour, 
and the clear liquor decanted through a filter into a beaker. The residue is 
washed twice more with hot water, by decantation, and finally on the filter, 
until the volume of the total filtrate amounts to about 200 cc. About 5 cc. of 
bromine and a little hydrochloric acid are added, and the solution btfiled. Sul¬ 
phuric acid is now precipitated as BaS 04 by addition of barium chloride to the 
hot solution, and sulphur determined by the first of the gravimetric procedures. 

Sulphur in Rocks, Silicates, and Insoluble Sulphates 

The material in finely powdered form is fused in a large platinum crucible 
with about six times its weight of sodium carixjnate (sulphur free) mixed with 
about 0.5 gram of potassium nitrate. The charge is protected from the flame 
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by an asbestos board or silica plate with an opening to accommodate the cru¬ 
cible snugly, as shown in Fig. aH. The fusion is extracted with water, the filtrate 
evaporated to dryness and silica dehydrated. The residue is moistened with 
strong hydrochloric acid, then taken up with a little water, boiled free of COt, 
and silica filtered off. The filtrate contains the sulphate, which is now precipi¬ 
tated as barium sulphate according to one of the standard procedures. 

Barium Sulphate. This is transposed by fusion with sodium carbonate, 
as stated above. Barium carbonate remains in the water-insoluble residue. It 
is advisable to wash the residue in this ca.se with hot sodium carbonate solution, to 
insure complete removal of the sodium sulphate. The filtrate is acidified with 
HCl, boiled free of COj and BaSO,, then precipitated. 

Lead Sulphate. This may be transposed by digesting the compound with 
a strong solution of sodium carbonate saturated with CO,, keeping the solution 
at boiling temperature for half an hour or more. The sulphate will be in solution 
and the lead is prccipitat(!d as the water-insoluble carlmnate. 

Stnmtium or calcium sulphates may be transjx).sed by the procedure described 
for lead. 


SEPARATIONS 

Substances Containing Iron 

In precipitating barium sulphate, in presence of ferric, siilts, from hot solu¬ 
tions by the gravimetric proeeduri! (aaumonly follow(!d, considerable iron is 
carried down by tlu! precipifiate. Sima) Fe.;(S() 4)3 loses SO, upon ignition, and 
since Fc,Oi weighs much less than BaSO,, low results will be obtained. Hence 
the removal of iron is nei^essarj', or a method shoidd be followed in wliich iron 
does not interfere. It is found tliat barium sulphate i)recipitatcd from a large 
volume of cold solution, in which the iron has been reduced to ferrous condition, 
is free from iron. Details of this procedure are given in the second of the gravi¬ 
metric methods, page 498. 

If sulphur is to be precipitated from hot solution of comparatively small 
volume (2(K> to 4(X) cc.), it is necessary to remove iron. This is accomplished 
by precipitating this as Fe(01I)i by addition of ammonium hydroxide in decided 
excess (fi to 10 cc. excess of strong NH/lll, sp.gr. 0.90). If the solution is 
barely neutmliwid with ammonia, the iron hydroxide carries down considerable 
of the sulphate. lOven with the precaution recommended some of the coihbined 
sulphifl-ic acid is occluded by tin; precipitate, so that it is necessary to recover 
this by dissolving the precipitate with hydrochloric acid and rcprecipitating the 
ferric hydroxide with an excess of ammonia. The combined filtrates are now 
treated with barium chloride, U|x>n acidification with hydrochloric acid, accord¬ 
ing to the procedure first given, jmge 497, and the sulphate determined. 

Separation of Sulphtu* from Metals Forming an Insoluble Sulphate 

^his is accomplished by fusion of the comprnmd with sodium carbonate and 
extraction of the mass with water. The metal remains with the residue and 
the sulphate of the alkali passes into solution. For details see subject under 
Preparation and Solution of the Sample, page 494. 
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Nitrates and Chlorates. These are carried down with the precipitate as 
barium salts if they are present in appreciable amount. They may bo removed 
from the solution by evaporation to dryness with hydn)chloric acid. 

Silica. Silica will be carried down with the barium sulphate precipitate 
if present in appreciable amounts. It is removed by evaporation of the solution 
with hydrochloric acid, dehydrating the silicic acid, taking up with HCl and 
water and filtering. 

Ammonium and Alkali Salts. These have a negligible effect on the precipi¬ 
tate of BaSOi if this is precipitated from a large volume, according to the second 
gravimetric procedure. 


GRAVIMETRIC DETERMINATION OF SULPHUR 
Precipitation as Barium Sulphate 

Preliminary Remarks. The procedure dejs'iids uiwii the insolubility of 
barium sulphate, BaSO«, in neutral or slightly acid solutions. It was formerly 
the general practice to precipitate tlie sulphur l)y ad<ling a 10% barium chloride 
solution to tlie hot sulphate solution, which had been diluted from 200 to 400 cc., 
according to tlie amount of sulphur that wsis pniseiit (not over 0.2 gram sulphur 
per KX)cc.), containing 1 to 3 cc. of free concentrated hydnichloric acid per 100 cc. 
of solution. Special precautions were given to hjvvc the solution iMuling hot, and to 
avoid having a volume of over 400 cc., a smalli*r sample being taken in high sulphur 
ores, rather than increase the volume. lOxtended experiments have shown that 
it Ls preferable to precipitate the sulphate from a large volume of cold solution. 
The pnxluct obtained is le.ss apt to occlude impurities, the crystals are larger than 
those obtained in hot concentrated solutions, and do not pass through the filter. 
Precipitation may be made in presence of large amounts of iron, copper and 
other impurities. The procedure requires large beakers of 2- to 21-liter capacity. 
s|}ecial preciiiitating cups, and a suction apparatus, as shown in t i^. 60, 61. 62 
and 63. This apparatus may not always be available, and occasionally it is 
advantageous to precipitate the sulphur in a small volume, specially when the 
sulphur content of the material is low, hence, although the second procedure 
is generally recommended, the older method is also included. 

I. Precipitation of Barium Sulphate from Hot Solutions 

Procedure. The sulphur should lie present in solution cither as free sulphuric 
acid or as a sulphate salt. The solution is made acid by addition of hydrochloric 
acid (phenolphthalein indicator), and then 4 cc. added in excess (HCl, sp.gr. 1.2). 
After diluting to a volume of 400 cc. with hot water, the mixture is heated to boil¬ 
ing, and a 10% solution of barium chloride added in a fine stream,* through a 
funnel with a capillary stem, or from a burette, at the rate of 10 cc. in two to ten 
minutes. The reagent is added in slight excess of that required to react with the 
sulphuric acid or sulphate. (Ten cc. of 10% BaCl2.2HjO solution will precipi¬ 
tate about 0.13 g. of sulphur.) The beaker is placed on a steam bath and the pre- 

adding 100 cc. of N/10 BsClt solution, 

!e in ptace of slowly, as recommend^ in 
malytical Chemistry,” 9 , 3d Edition, 


* E. Hints and H. Weber recommend 
hot, to the hot sulphate solution all at oni 
practice. (Sw Treadwell and Hall, 


boiling 

general 

p.460.) 
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cipitate allowed to settle for about two hours. The solution is filtered through 
a fine grade of filter paper (B. & A. grade A, or S. & 8. grade No. 90), or 
through a tared Gooch crucible. Since the precipitate frequently passes through 
the filter it is advisable always to pass the solution through the same filter a 
second time. The precipitate is washed ten times with hot water, then dried, 
and ignited gently over a Bunsen burner, or in a muffle, for half an hour. 
(Blasting is not necessary, nor desirable.) The white BaSO* is cooled in a 
desiccator, and then weighed. If a filter paper has been used in place of a 
Gooch crucible, the ignition is liest made in a porcelain crucible, with free access 
of air, the ignited sulphate, uisni cooling, is brushed out of the crucible and so 
weighed. 

Factors. BiuSO.XO.bffa =S, or X0.4202 =11,804, or 'X0.3766 =reS, 
or X0.2744 =8()„ or 0.34.10 = S(),, or X0.411f) =80,. 

Note. If much iron or alumina is present, it is advis.able to i>recipitute the sul¬ 
phate from a largo volume, by the secoml method, rather than attempt to remove 
these substances. If itaSO, is present in the original material its weight should bo 
included with that of the imicipitate. 

II. Precipitation of Barium Sulphate from Cold Solutions— 

Large Volume 

Introduction. The method worked out by Allen and Bishop, General Cnem- 
ical Company,' is especially adapted to the determination of sulphur in iron 
pyrites and materials high in suljihiir, 30 to .50% sulphur, but by varying the 
amount of material used the range may be extended from smaller to greater 
amounts. The finely ground sample is oxidized by means of a mixture of bro¬ 
mine and ])ota.ssium bromide, followed by nitric acid. The nitric acid is expelled 
by evaimratiou to dryness, followed by a .second evaporation with hydrochloric 
acid, which dehydrates the silica. Iron is now reduced to the terrous condition 
and the silica and residue, undissolved by addition of hot ivatcr and IICl, is filtered 
off. The sulphur is precipitated in a large volume of cold solution, by barium 
chloride solution, as llaSO, and so weighed. 

Reagents. Bromine Potassium Bromide Solution. 320 gran'.s of potas¬ 
sium bromide are dissolved in just sufficient water to cau.se solution and mixed 
with 200 cc. of bromine, the bromine being poured into the saturated bromide 
solution. After mixing well the solution is diluted to 20<K) cc. 

Bromine—Carbon Tetrachloride Solution. C'arboii tetrachloride saturated 
with bromine. 

Barium Chloride, anhydrous, 5% solution; or crystals, 6% solution. 

Procedure. Preparation of Sample. The samiile ground to pass 80-mcsh 
sieve is carefully mixed and quartered down to 10 grams. This is dried for one 
hour at 100° G. and then placed in a weighing tulie. 

A factor weight, 1.373 grams of the sample, is placed in a deep beaker, 300 cc. 
capacity, 2J by 4i ins. 

Oxidation of Sulphur. Ten cc. of the broniine-potassium bromide mixture 
for pyrrhotite ore, or bromine—carlmn tetrachloride reagent for pyrites ores, 
arc added and the beaker covered with a dry watch-glass cover. After standing 

* Paper before Eighth International Congress of .4pplied Chemistry: “ An Exact 
Method for the Determination of Sulphur in Pyrites Ores,” W. S. Allen and H. B. 
Bishop. 
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fifteen minutes in the cold bath (a cassende of water will do), with occasional 
shaking of the beaker, 15 cc. of strung nitric acid are added and the mixture 
allowed to stand fifteen minutes longer, 
at room temperature, and then warmed 
on an asbestos Ixiard on the steam bath 
until the reaction has apparently ceased 
and the bromine has lieen volatilized. 

The beaker is now placed within the ring 
of the steam bath so that the lower 
portion is exposed to steam heat. The 
solution is evaporated to dryne-ss, the 
cover of the beaker being raised above the 
rim by means of riders (U-shaped glass 
rods), Fig. 60, 1C cc. of strong hydro¬ 
chloric acid are now added and the solution again evaporated to dryimss to expel 
the nitric acid. The silica is dehydrated by heating in the air oven at 1(KI“ C. for 
one hour, or overnight if preferred. 

Reduction of Iron. Four cc. of hydrochloric acid (sp.gr. 1.20), followed 
five minutes later by 100 cc. of hot water, are added, the .sides of the Iwakcr and 
the cover being rinsed into the solution. The riders Isdng removed, the sample 
is gently boiled for five minutes to insure the solution of the sulphate. After 
cooling for about live minutes, approximately 0.2 gram jxiwdered aluminum 
is stirred into the solution, keeping covered during the intervals l)etween stir¬ 
ring. When the iron has teen reduced, the solution bccotning ctiloricss, the 
stunplc is tilt(!red into a 2.5(X)-cc. beaker, through a 12i cm. filter pai)er (S. & 
S. No. .500 or H. & A. No. A). The beaker should be copijecl out and the 
residue on the filter washed nine titnes with hot water, filling the filter funnel and 


Watch Class Cover 



Fio. 60. 


Beaker il Cr-l-J- iz 

2500C.C 


Precipitation 
Cup- tSOc c. 


draining each time. 

Precipitation of the Sulphur. The solution in the large teaker is diluted to 
1600 cc. with cold water and 6 cc. HCl (sp.gr. 1.20) added, and mixed by 

_ _ stirring. The barium chloride solu- 

5 j-/ F tion is now added by moans of a 

Clock6h»Couer \ -W~^ -^ Precipitation delivering Clip (Figs.-Ol and 

“ ; V jr Cup-ifOcc 62). which should drain at the rate 

I p 1 minute. 125 cc. of 

B I 11 barium chloride solution arc added 

Beaker for ores containing 30 to .50% sul- 

2 S 00 C.C -3-I' phur, the factor weight being taken. 

I The solution is not stirred* while 

■ ■ J the barium chloride is being added, 

Fio. 61. Fio. 62. l,ut when the cup has drained, the 

Apparatus for Precipitating Sulphur. solution is mixed by stirring. The 

BaS 04 is allowed to settle, two or 
three hours being advisable, overnight being preferred. 

Filtration. The clear solution is filtered through a weighed Gooch crucible 
(35 cc.), using suction. This is best done by the automatic arrangement 
shown in Fig. 63. The teaker containing the solution is placed on a shelf; 
a siphon dipping to within half an inch of the precipitate at the bottom of the 
beaker is connected to the Gooch crucible by means of a tightly fitting stopper. 
The Gooch and thistle tube are best connected by heavy rubber tubing. The 


Fio. 61. Fio. f 

Apparatus for Precipitating Sulphur. 
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auction Saak, or bottle, should have a capacity of about 3 liters. A Geiaaler 
stop-cock passes through the rubber stopper in the suction flask to relieve the 

pressure when the Gooch is to be removed, 
yy { The precipitate is washed onto the asbestos 

^ crucible and washed with cold 

water six times, the beaker being copped 
' r t , out as usual. 

I Ignition. The. precipitate is dried by 

I ‘ placitig the crucible on an asbestos board 

I ^ ~ —*-| ^ iitrShypaer flainc for twenty-five minutes and 

y TO 6c>««A Crueiiie then heated over a direct flame for thirty 

minutes. • 

^ Calculation. BaSO4X10=per cent S. 

itopptr (If factor weight is taken.) 

( I Factor. BBSO4X0.137.3=gram S. 

I Lifer I 

I I Notes and Precautions 


Although barium sulphate is only slightly 
soluble in water, it is appreciably soluble in the 


I I - .-•>1 salts of the alkalies (Na, K and NII4), and in a 

- ■ '• large excess of hydrochloric acid. 

Fio. 63.—Apparatus for Filtering Barium sulphate occludes salts, especially 
Barium Sulphate. nitrates and chlorides. Ferric chloride is carried 

down with this precipitate, though ferrous chlo¬ 
ride is not; hence the niduction of iron is necesasary. Occlusion of iron causes low 
results, as will be seen from the fact that with heating of Fej(S 04 ) 3 , SO3 is volatilized, 
the salt decomposing to FctOs+SOs. With the iron redu(»d the precipitate bvirns 
perfectly white, whereas with ferric iron present the precipitate is invariably re<l or 
yellow. Aluminum ixiwder used by W. H. Seamon,' for reduction of iron in determi¬ 
nation of sulphur, suggested its value in the metluHl alsive given. 

Potassium bromide is added to the bromine mix as a diluent to prevent too vigor¬ 
ous a reaction. Cooling the solution is fur the same pur|)ose lus a loss of sulphur will 
result if the reaction is violent. 'Phis is especially the case in pyrrhotite ore. 

Otto Folin • shows that precipitation of BaS 04 in a large volume of cold solution 
produces large crystals. 

Mechanical loss and reduction of BalS 04 is avoided by the Gooch crucible. 

The method has licen thoroughly tested in the laboratories of the Gen. Chem. 
Cq. asd has become a staudard method fur sulphur. 


Evolution Method for Determining Sulphur in Iron, Steel, Ores, 
Cinders, Sulphides and Metallurgical Products 

a 

Introdttctioa. The method depends upon the fact that hydrogen sulphide 
is evolved when a sulphide is acted upon by a strong acid such as hydrochloric 
acid. This gas, absorbed by a suitable reagent, may be detennined gravimetri- 
cally * by weif^ing directly the precipitated sulphide, or by oxidation of either 
the hydrogen sulphide evolved or the sulphide formed in the absorbing reagent, 

> Chemical Engineer, September, 1908. 

‘Journal of Biolo^cal Chem., 1, 131-150. 

GranmetricaUy. (a) Evolution of H 18 into solutions of ZnClt, KOJI, KMnO,, 
AgNOi, Hg(CN)i, H>()a^ Br+HCI and subsequent oxidation to sulphate when 
neceamry, and precipitation as BaSG,. {<>) Absorption of H ,8 by neutral or alkaline 
solutions of lead, oxidation of PbS to FbSO, and weighing as such, (c) Absorption of 
H«S in solutions of AgNOa, CdCU, and weighing the precipitated sulphide. 
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and precipitating sulphur as BaSOt. It niay be detennined volumetricalljr» 
by titrating the precipitated sulphide with iodine or by titrating the acid, formed 
by the reaction, with standard caustic. The iodine and caustic titrations may be 
made on the same run, or the sulphide may be weighed and the filtrate containing 
the free acid titrated, thus double checking results. The following reaction 
takes place when the gas is evolved and absorlied by neutral cadmium sulphate: 

HiS+CdS 04 =CdS precipitate+HjSOi free acid. 

The method is especially adapted to the determination of sulphur in iron and 
steel or in metallurgical products containing small amounts of sulphide. It 
may be applied to products containing 
larger amounts of .sulphur as sulphides 
or sulphates, the latter condition recpiir- 
ing a special preliminary treatment. 

The method is not applicable for 
determining free sulphur or sulphur in 
iron pyrites. 

Reagents. Iodine Solution. Two 
strengths of this reagent should l)c at 
hand for general work; 

For iron and steel and low sul¬ 
phur briquettes, etc. = .01 to 

0.6% S. N/.10I 

For sulphur products containing 
over 0.5% S. N/IOI 

Starch Solution. Ma<}c from a 
good grade of soluble starch, 1 gram 
per 200 cc. of water. Fresh solutions 
are desiralde, as the deterioratwl material 
produces a greenish-brown color in place 
of the delicate blue desired. Flocks of 
insoluble starch will cau.se the same 
difficulty. 

Cadmium Chloride or Cadmium 
Sulphate Solutions. Ammoniacal Solu¬ 
tion. Fifty-five grams of CdClic2IIi() 
or 70 grams of the sulphate are dissolved 
in 500 cc. of distilled water. To this 
are added 1200 cc. NH|OH (sp.gr. 0.90) Kig. 64.—,S<«tt’s Ap|>aratus for IJetcrmin- 
and the solution diluted to 2500 cc. Sulphur in Iron and Steel.* 

The solution is of such strength that 

50 cc. will precipitate approxihiately 0.175 gram sulphur evolved as HiS. 
This is equivalent to about 3.5% sulphur on a 5-gram sample. 

• VolumetricaUy. (a) Absorption in a solution of KOll, CdCh or Cd^ 4 , ZnCh 
or Zn804, NaiHAst)i and titration with iodine solution. (6) Absorjition in iodized 
KI and titration of the excess of iodine with NajSjOi solution, (c) Absolution in a 
neutral solution of a metallic salt and titration of the liberated acid, (d) Absorption 
in caustic alkali and addition to an acid solution of a reducible salt, e.g., FeiO< and 
titration of the lower oxide, FeO. 

'Apparatus designed by W. W. Scott. 
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Neutral Solution. To he used where titration with caustic is desired. 
Seventy grains of CdSOi are dissolved in water and made up to 2500 cc. The 
solution should lx; neutral to methyl orange, otherwise add the requisite amount 
of 11,S()4 or NaOlI necessary, determined by titration of an aliquot portion. 

Hydrochloric Acid. One iMirt concentrated acid to an equal volume of dis¬ 
tilled water. 

Sulphuric Acid. One volume of concentrated acid to four volumes of dis¬ 
tilled water. 

Reducing Mixture for Reduction of Sulphates. Five parts of NaHCO^ 
2 parts of C.R aluminum powder and 1 part of pure carbon, best made by 
charring starch. A blank should lie detenuined on this material and allowance 
made accordingly. 

Stannous Chloride. Ten-per cent solution. 

Fine Granular Aluminum or Zinc MetaL Sulphur free, 20 mesh. 

Apparatus. The apparatus shown in the illustration. Fig. 04, is the author’s ' 
modihcation of the form used at Baldwin Locomotive Works. This consists of 
an Lrletuneyer flask A of about .50()-cc. capacity with large base. With material 
m which violent foaming occurs, during the evolution of hydrogen sulphide it 
w advisable to use a wash Iwttlo with large base, in preference to an Erleraneyer 
flask. Through a rubber stopper is inserted a thistle tube with glass stop¬ 
cock D, by which the acid is introduced into the flask. The hydrogen sulphi^ 
pnsw* through a potash connecting bulb with trap as shown. A hole blown 
in the side of the tulie prevents liquid being swept through. Connected to the 
jMitash bulb IS the absorption bulb C, which is suspended by a wire attached to 

m "oA • «<>nip«ct, so that on a large hot plate, 

M by JO ms., a dozen outfits may readily be accommodated. With the use of 
this apparntus the writer has been aide to make over .seventy-five determinations 
oi sulphur m steel m an ordinary day’s run. 


Preparation and Amount of Sample 

The amount of niaterial to be taken for the detenniimtion deiicnds upon the 
sulphur content ns shown by tlie following table: 


Appriiiiniatr % oI Sulphur Pri>i«>nt. 
0.01 to 1 
I.O to 10 

10.00 toao 

Above 30 


Amniint to tako for Analysis. 

5 grams 
1 

0.5 

0.25 


The class of material will govern the method of procedure. 

drillings or finely divided material is 
treated directly m the evtdution flask with hydrochloric acid, 1 :1, and the 

hydrin sulphide absorbed in ammoniacal cadmium chloride. The sulphide 
formed is titrated with iodine. suipniuo 

Iron Ore Briquettes and Materials Containing Sulphates. Low Sulphur. 

Reduction. A .5-gn.m sample Is intimately mixed with an equal 
filter {NaHCO.-hAH-C) and wrapped in a 9tem. ashless 

filter. The charge is placed in a 50-cc. mckel crucible with cover. The crucible 

> W. W. Scott. 
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is inserted hsjf way into an asbestos board or perforated silica plate (see Fig. 65) 
and after covering, placed over a low flame of a M4kcr blast burner. The 
flame of the blast is gradually increased during the first 
five minutes aijd the charge blasted for about twenty 
minutes. The crucible will appear a bright red and car¬ 
bon monoxide gas escaping from under the crucible lid 
will burn. The los.s of sulphur, however, is not appreci¬ 
able. The crucible is cooled without rcuuoving the cover. 

When cold the fused mass is quickly pulverized and 
placed in the dry evolution flask containing a mat of 
aluminum granule: or t.’.P. zinc dust or granulated tin. 

Hyd«)gcn sulphide is best evolved with hydrochloric 
acid to which 4 or Ti cc. of lO'^o stannous chloride has 
been added to reduce ferric iron. The gas is absorbed 
in anunonical cadmium cldoride and the cadmium sulphide 
formed titrated with iodine. 

Iron Sulphide for Available HjS. Since this product 
runs over 20% available hydrogen sulphide not over 0.5 
gram sample should l)e taken. The HjS Ls evolved by 
addition of dilute sulphuric acid, 1 : 4, in place of hydro¬ 
chloric acid, and is absorbed by neutral cadmium sulphate. 

The acid formed by the reaction is titrated by standard 



N/10 NaOlI. Fio. 65. 

Sodium Sulphide or Water-soluble Sulphides for 
Available WS. Tim grams ilksolved in water and diluted to 1000 cc.; 60 cc. 
= (0.5 gram) taken for analwis. 


Details of Procedure 

Evohilinn of Hydriigen Sulphide. One-half to 1 gram of aluminum or zinc 
granules, 20 mesh, is placed over the bottom of the evolution flask and the 
sample placed above this mat of metal. 1 he stopjKjr with the thistle tube and 
condenser is inserted snugly into the neck of the flask. An absorption bulb 
containing about 20 ce. of di.stilled water is attached to the condenser. This 
bulb serves as a trap for the IlCl that is driven out of the flask during the boil¬ 
ing. To this bulb is attached a second bulb containing 50 cc. of ammoniacal 
cadmium chloride. A third bulb may bo attached if the sulphur content of the 
material examined is high; this, however, is seldom necessary when ammoni^l 
cadmium chloride is u.sed. 3'he rubl^er stopper and all mblwr connections 
being air tight, 100 cc. of warm IK'l, 1 : 1, is poured into the fla^ throu^ the 
thistle tube, the stem of which should now dip well below the acid. The stoiv 
cock is closed during the violent action of the acid on the^ sample and ojicned 
when this has subsided. The acid trap prevents loss of H*b through the thistle 
tube. The apparatus is now placed on the hot plate and the sample boiled 
vigorously for about twenty minutes. The flask is taken off the hot plate and the 
contents allowed to cool. At this stage it may be advisable to draw a current 
of air through the apparatus to sweep out any residual H,S that may remain in 
the flask. Hydrogen gas is preferable to air. 

Titration, (a) The contents of the bulbs are poured into a 600-cc. beaker 
contAiTi inp; about 400 CC. of distilled water. The bulbs are washed out first 
40 
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with wt»er and then with dilute acid. The excess of ammonia is neutralized with 
concentrated HCi, 6 cc. of starch solution added and the sulphide immediately 
titrated with standard iodine, additional hydrochloric acid being added from time 
to time during the titration to insure complete decomposition of the sulphide. 
The liquid appears yellowish red, orange, purplish red and finally a deep blue. 
Since the sulphide, when present in appreciable quantity, decomposes slowly, 
the solution should be strongly acid at the completion of the titration, and five 
minutes should be allowed for a permanent end-iioint. 

Knowing the amount of iodine neceasary, a check run may be made by 
adding to the neutral solution an excess of iodine followed by 6 cc. of starch 
solution and a large excess of concentrated hydrochloric acid. The excess of 
iodine is titrated with N/IO thiosulphate, NajSjOi, solution. (Arsenous acid will 
not do.) This procedure will prevent the loss of H>S, which Ls apt to occur in 
samples high in sulphide. 

(6) An ttllemale method is frequently advisable in high sulphurs. The precip¬ 
itate is separated from the solution containing ammonia by filtration. The 
cadmium sulphide is now placed in the 60()-cc. beaker with water and an excess 
of iodine run in. Starch is added, followed by hydrochloric acid. The excess 
of iodine is titrated with sodium thiosulphate, NaaSaOj. By this method the 
heat action during the neutralization of ammonia is avoided and only the pre¬ 
cipitate is titrated. 

When the iodine titration cxce«ds .50 cc. of N/10 iodine, a smaller amount 
of the sample should be taken for analysis; the iodine titration for amounts 
of sulphur exceeding 0.1 gram is not satisfactory, owing to a fading end-point. 
The method for determining available hydrogen sulphide in high sulphide 
products, dealing with the titration of the free acid fonned during the reaction, 
permits of larger samples being taken. Details of this method arc given on page 509. 

One cc. N/10 iodine =0.001604 gram S. 

Tenth Normal Equivalents 

One cc. of N/10 iodine =0.001704 gram HaS 
“ “ =0.004396 gram FeS 

“ “ = 0.(K)3904 gram NsiaS 

“ “ =0.003607 gram CaS 

“ “ =0.008471 gram BaS 

“ “ =0.00.561 gram SbaS] 

“ “ =0.011959 gram PbS 

“ “ =0.011634 gram HgS 

“ “ =0.004782 griun CuS 

“ “ =0.007224 gram CdS 

“ “ =0.004872 gram ZnS 

“ “ =0.003269 gram Zn 

Combustion Method for Evaluation of Sulphide Ores. When a sulphide ore 
(pyrrhotite) is heated to redness in presence of oxygen both sulphur dioxide 
and trioxide are evolved. The first may be absorbed in suitable reagents and esti¬ 
mated volumetrically or gravimetrically. The triuxide mist is best retained 
by asbestos and weighed. The combustion furnace with silica tube used for 
determinations of carbon is adapted for sulphide ores. The finely powdered 
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diy sample, spread in a thin layer in a 3-inch porcelain boat, is placed in the red 
hot tube and burned in a current of oxygen, which has been purified by passing 
through sodium hydroxide, strong sulphuric acid and phosphorus pcntoxide. 
The trioxide mist is removed by passing the evolved gases through an asliestos 
filter (PjOi bulb with asbestos in one arm adjacent to the combustion tube and 
P»0» in the other). The SO, is absorlicd in a mixture of bn)mine and nitric acid, 
and the sulphuric acid formed is titrated after removing the reagent by evapora¬ 
tion; or it is absorbed in an excess of standard iodine, the excess titrated with 
sodium arsenite or thiosulphate, and sulphur calculated. The iodine method is 
preferable to the bromine, as it is more rapid and the reagent less disagreeable 
to handle. The gravimetric method is the most reliable. The dioxide is absorbed 
in chromic acid (caustic will not give correct results owing to its affinity for carbon 
dioxide, a product of combustion of the free and combined carlxm, that are gen¬ 
erally pre.sent in sulphide ores. Pyrrhotite fre<iuently contains ns much as 1% 
carbon) and weighed. The combustion method cajinctt be recommended for 
extreme accuracy. The procedure may be used for the estimation of available 
sulphur, but does not give the total sulphur of the ore, since .2 to ..5% remains 
in the cinder. Krror may result from the following causes: (1) Incomplete 
combustion of the sulphur—due to sublimation of the sulphur to cooler zones 
of the combustion tuljc, and to a fine mist of sulphur passing unbunicd into the 
asbestos, where it is retained with SO, and weiglied as such. (2) Krror due to 
combined water of the ore. The results are apt to be .0.5 to 0.5% lower than those 
obtained by the barium sulphate procedures, the sulphur of the cinder being in¬ 
cluded with the available sulphur. 


VOLUMETRIC METHODS FOR DETERMINING SOLUBLE 

SULPHATES 

Combined tulphuric acid in soluble sulphates is b<;st determined gravi- 
metrically; occasionally, however, a volumetric procedure is of technical value. 
A number of volumetric methods are based on the insolubility of barium sul¬ 
phate. 'Pwo general procedures deserve mention: addition of barium chloride 
in known amount in slight excess of that required by the sulphate, and titrating 
the excess either with a soluble carbonate or a chromate; or addition of barium 
chromate and titrating the alkali chronmte formed by the reaction. The sul¬ 
phate is also detennined by precipitation with a weak organic base benzidine, 
added in form of the hydrochloride salt; the lienzidine sulphate, filtered off, is 
titrated with caustic. The typical procedures given Ijelow will meet, general 
requirements for the volumetric determination of sulphates. 

Determination of Sulphur by Titration with Barium Chloride 

and Potassium Chromate—Wildenstein’s Method Modified ^ 

Reaction, 

Na^SO.-hBaCI, - BaS 04 + 2 NaCl and excess BaCl.+KiCrO, - BaCrO«-|-2KCl. 

Procedtire. The substance containing the sulphate in solution is diluted to 
50 cc. in a small flask, acidified with hydrochloric acid, if necessary heated to 

‘ See “ Volumetric Analysis,” Sutton, 10th Ed., p. 350. 
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boiling, and precipitated with a slight excess of N/4 barium chloride added from 
a burette (1 cc. BaCls -0.01 gram SOi). The precipitate settles rapidly, so that a 
large excess of the reagent may readily be avoided. The mixture is cautiously 
neutralized with ammonia, free from carbonate (COi may be precipitated with 
CaCIi solution), the solution heated to boiling, and N/4 potassium chromate 
added from a burette in .5 cc. portions, each time removing the flask from the 
heat, allowing the precipitate to settle and examining the clear solution. A 
faint yellow color will appear as soon as the excess of barium has been precipitated 
and a few drops of the chromate in excess are present in the solution. The value 
of the chromate being equivalent to the barium chloride cc. per cc., the difference 
between the two titrations is due to the barium chloride required by the sulphate. 

One cc. N/4 llaC^/'li =0.01 gram SOj. 

Notes. ' Salta of the alkalies, alkaline earths (Sr and Ca) and zinc and cadmium 
do not interfere. Nickel, cobalt and copper, however, give colored solutions which 
prevent the yellow chromate being seen. Should the latter bo present, the end-point 
may be recognized by using ammoniaeal lead acetate as an outside indicator 0 vol. 
NH 40 H-i -4 vote. PbCalljOj'SlIiO, 5% sol.), the indicator and titrated solution being 
mixed drop j»or drop on a white tile. A yellowish red color indicates the presence of 
chromate. 


Precipitation of the Sulphate with Barium Chromate and Titra¬ 
tion of Equivalent, Liberated Chromate with Iodine and 
Thiosulphate, Hinman’s Method.' 

Tho sulphate, precipitated by barium chromate, lilx!ratcs an equivalent 
amount of chromic acid, which is determined by trcfating with ixdassium iodide 
and titrating tho liberated iodine with thiosulpliatc. 

Reactions. NajS 04 -|-BaCr(l 4 =UaS 04 -|-Na!CK),, 

Na,Cr 04 -f- 3 KH- 8 H(,’l= 2 NaCl-|-. 1 KCl-|-rK'l 4 -b 4 II, 0 -|- 3 I, 
2Na,8,0,-M, =2NaI-|-Na.S,().. 

Procedure.’ The solution of the sulphate, containing not over 2 per cent 
of 80i, if acid, is almost neutralized with potassium hydroxide, then heated to 
boiling, and an excess of barium chromate solution added.’ After boiling for 
one to five minutes, the hut solution is neutralized by adding calcium car¬ 
bonate * until no further effervescence occurs. The precipitate is filtered off and 
washed with hot water. The combined filtrates containing the chromate liberated 
by the, sulphate through double decomposition, is acidified with 5 cc. strong 

’ Treadwell and Hall, “ Analytical Chemistry,” 8, 4th Ed., p. 716. Am. Jour. Sci. 

and Arts, 114,478. 

> See p. 716. 

* The barium chromate used should be free from soluble chromate, barium car¬ 
bonate or soluble barium salt. The comimund may be prepared by precipitating with 
potassium chromate added to a boiling solution of barium chloride. The precipitate 
u washed with boiling water containing a little acetic acid, and finally with pure water, 
and then dri^. Four grams of the dry salt are dissolved in a liter of normal hydro- 
cMprio acid.' 

In presence of iron, sine and nickel^ the solution is neutralized with ammonium 
hydroxide and an excess added; after boihng, the solution is filtered. By using calcium 
carbonate insoluble basic chromates of these elements would be formed, and low 
leeulta for SOi would follow. This is avoided by the use of ammonia. 
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hydrochloric acid per each 100 cc. of filtrate and an excess of potassium iodide 
added. Iodine equivalent to the chromic acid is liberated. This is titrated with 
N/10 sodium thiosulphate. 

One cc. of N/10 thiosulphate-0.003260 gram H,S 04 .‘ 

Benzidine Hydrochloride Method—Raschig 

Benzidine sulphate, C’ijn»(NH»)fHjS 04 , is scarcely soluble in water con¬ 
taining hydrochloric acid. The weak ba.se benzidine is neutral t<» phenolphthalein 
and the acid in its sulphate may bo titrated with an alkali.’ The method gives 
reliable results in the analysis of all sulphates, provided no substances are present 
which attack Iwnzidiiic, and provided the amount of other acids and salts present 
is not too great.* 

Reaction. Xa>S 04 +(loH,(XH 4 ) 4 . 2 HCl - 2 NaCl+C,,H,(NH.)..H,S 04 and 
C„H.(XH,) 4 .Hm-l- 2 Xa 0 H=C.'„ir,(XH,),. 2 H. 0 -|-Na.S 04 . 

Reagent. Bmzidine hydrochloride is jjrepared by taking 6.7 grams of the 
free ba.se, or the corrcsjwnding amount of the hydrochloride and mixing into a 
paste with 20 cc. of water in a mortar. Twenty cc. <jf hydrochloric acid (sp.gr. 
1.12) are added and the mixtvire diluted to exactly 1000 cc. One cc. of this 
solution correspoiuls to 0.(M)357 gram H 1 SO 4 . The solution hivs a brown color. 
Brown flakes are likely to separate out on standing, but thcfsc do no hann. 

Procedure. The sulphate solution is diluted with water so that there is at 
least a 50-cc. volume for each 0.1 gram sulphuric acid present. An equal volume 
of the reagent is vigorously stirred in, and the precipitate allowed to settle for 
ten minutes. The solution is filtered onto a double filter, placed on a porcelain, 
jxirforated plate in a funnel (a Btichner is O.K.), gentle suction being applied. 
The last iwrtions of the precipitate are transferred to the filter by means of small 
portions of the cl<!ar filtrate, and the compound then washed with 20 cc. of cold 
water added in small portions and sucked dry with each addition. The precipi¬ 
tate and filter are placed in an Erlenmeyer flask, .50 cc. of water added, and the 
mixture shaken until homogeneous. Phenolphthalein indicator is now added, 
the mixture heated to alxmt 50“ C. and titrated with N/10 sodium hydroxide. 
When the end-point is nearly reached, the liquid is boiled for five minutes, and 
the titration then completed. 

One cc. N /10 = 0.004904 gram 11,804. 

Determinatioii of Free Sulphuric Acid 

Other free acids being absent, sulphuric acid may be accurately determined by 
titration with standard alkali. The meth^ for determining sulphuric acid in 
presence of commonly occurring acids, and in mixed acids are given in Volume II, 
in the chapter on Acids, Vol. II. 

1 cc. N/1 NaOH=0.04904 g. H,S 04 . 

3.269. 

. Chem., 617 and 818, 1903. 
lem., 9, 1907) have found that there should 
HNOa, 20 mol. HCiHiOi, 5 mol. alkali salt, 
11,8()4. See Treadwell and Hidl, “ Analytical 


‘N/10 NarS,0,= 5^-*=98.08-l-30= 

* Method suggested by Rascl^ Z. a. 

• Friedheim and Nydegrer (Z. a. Cl 
not be more than 10 mol. HCl, 15 mol. 
or 2 mol. ferric iron present to 1 mol. 1 
Chen^try,” pp. 714-716. 
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DETERMINATION OF PERSULPHATES 
Ferrous Sulphate Method 

Ferrous salts in cold solutions are oxidized to ferric form by persulphates. 
Advantage is taken of this action in the quantitative determination of persul¬ 
phates. Reaction. 2 FeS 04 -fH 2 S 208 =Fej( 804 )a-|-H 2 S 04 . 

Reaction. 2 FeS 04 -t-n 2 S,(), = Fe,(S 04 ),-l-H,S 04 . 

Procedure.' About 2.5 grams of the persulphate are dissolved in water and 
diluted to 100 cc. Ten cc. of this solution, equivalent to one-tenth of the sample, 
weighed out, arc i)laccd in a fla.sk and a considerable excess of standard ferrous 
sulphate solution > added, say 1(X) cc. measured out from a burette. The solution 
is diluted with an equal volume o hot, distilled water (70 to 80° C.), and the 
excess ferrous sulphate titrated with N/10 potassium permanganate. This titra¬ 
tion is deducted from the permanganate equivalent of 100 cc. of the ferrous 
solution taken (if this amount was used). The difference is due to persulphate 
oxidation. 

Onecc. N/IO KMn <)4 = 0.009708 gram HjSjO,; or =0.0114 gram (NH 4 ),8,0,: 
or =0.01:152 gram K,S,(),. 

Oxalic Acid Method 

Oxtilic acid, in i)rescncc of silver sulphate, reduces p (rsulphatcs in accordance 
with the reaction, 11 , 0 , 04 - 1 - 11 , 8 , 0 ,= 211 , 804 + 200 ,. 

11,0,04+11,8,0,=211,804+200,. 

Procedure. About 0.5 gram of the ixirsulphate is placed in an Erlenmeyer 
flask, 50 cc. of N/10 oxalic acid added, together with 0.2 gram silver sulphate 
in 20 cc. of 10% sulphuric acid solution. The mixture is heated on the water 
bath for about half an hour to exis;! carbon dioxide. When the evolution censes the 
liquid is diluted to 100 cc. with wonn water and titrated warm (about 40° C.) 
with N/10 potassium pennangaimto. The excess of oxalic acid is titrated, the 
difference is duo to oxidation by the persulphate. 

For calculation see factors in previous method. 

Alkali Titration of the Boiled Solution 

The aqueous solutions of potassium, sodium, and barium persulphates are de¬ 
composed by boiling as follows (M = metal Na, K, or Ba): 

* 2M,S,0,+2H,0=2M,S04+0,+2H,S04. 

Procedure. About 0.2 g. of the persulphate salt is dissolved in 200 cc. of 
water and the solution boiled about 15 minutes, then cooled and titrated with 
N/10 NaOH, using methyl orange indicator. 

1 cc. N/10 NaOH=0.02008 g. BaS,0,4H,0, or 0.01191 g. Na,S,0, or 

Ammonium persulphate cannot be determined by the above method but may be 
determined by the ferrous sulphate method—which see above. 

* Method suggested by Lo Blanc and Eokardt, C. N., 81, 38. 

'• About SOgrams of ferrous sulphate or ferrous ammonium sulphate crystals are 
dissolved in 900 cc. of water and the volume made to 1000 cc. with concentrated sul¬ 
phuric acid. The reagent is standardized against N/10 potassium permanganate 
and the value per cc. in terms of the standard permanganate noted, the cc. per¬ 
manganate solution required divided by the cc. of ferrous sulphate solution token 
for titration, gives value of the reagent in terms of the permanganate. 

The solutioas are best verified upon a ponsulphate of known puri^. 
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DETERMINATION OF SULPHUR IN COMBINATION AS SUL¬ 
PHIDES. SULPHITES, BISULPHITES, METABISULPHITES, 
THIOSULPHATES, SULPHATES. AND HYDROSULPHITES 

Available Hydrogen Sulphide in Materiais High in Sulphide Sul¬ 
phur. Iron Sulphide, Sodium Sulphide, etc. 

Evolution Method. Since it is desired to obtain the H,S that ordinarily 
would be obtained when the sulphide is tn'utcHl with a strong acid, the mat of 
metallic aluminum or zinc and the addition of stannous chloride solution used 
in the procedure given on page 603 is omitted here. 

Procedure. 0.6 to 1 griun of the sulphide is placed in the dry evolution flask. 
All connections are now made as directed in the general procedure. Three 
absorption bulbs containing neutral solution of cadmium sulphate are coiuiected 
to the condenser, and supported by wires attached to the thistle tube and the 
arm of the condenser. All connections b»'ing tight, 100 cc. of dilute sulphuric 
acid, 1 : 4 are atlded through the thistle tulic and H»S evolved. The procedure 
is now the same ns descrilx'd on page 603. 

Titration. When the evolution of the 11,8 is (swnphde, the bulbs containing 
the precipitate are emptied into a Ix'nker and carefully washed out. The pre¬ 
cipitate is now filtered an<l washed five or six times until free of acid. Methyl 
orange is added to the filtrate and the free acid titrated with N/10 NaOlI. 

The precipitate may be titrated with iodine according to {!>) under general 
method of procedure, using an excess of ioditie, followed by starch an<l acid and 
then titrating back with sodium thiosulphate solution. A double check may thus 
be obtained. See page 504. 

If it is desired to weigh the CdS precipitate, it is best to evolve the 11,8 into a 
neutral solution of cadmium salt. The precipitate formed in a neutral or slightly 
acid solution is crystalline and easily filtered, whereas that fonned in an ammoni- 
acal solution is gelatinous. 

When a neutral (.’d80, or f'dCI, solution is used, 11,8 should bo evolved by 
sulphuric acid and not by hydrochloric acid, as the latter is volatile, and will pass 
through the condensing bulb recommended in the general procedure. 

One cc. N/10 NaOH -.001704 gram 1I»S 
“ “ -.004396 gram FeS 

“ “ -.003904 gram Na,S. 


Hydrogen Sulphide and Soluble Sulphides 

Direct titration of hydrogen sulphide water, and soluble sulphides in solution 
may be made in absence of other substances acted uixm by iodine. The solution 
containing the sulphide is added to an excess of N/10 hxline solution, made acid 
with hydrochloric acid, and the excess iodine titrated with N/10 sodium thio¬ 
sulphate. The following reaction takes place: 

H,S-1-I,-2HI-|-S. The cc. Na,S,Oi are subtracted from cc. I-I reacting 
with H,S. One cc. N/10 iodine =0.00174 gram H,8. 

Note. The soluble sulphide may be delcnnined gravimctrically by oxidizing 
with bromine, the reagent being added until the solution is cobred brownish red, 

excess of the haibgen removed by boiling and the sulphate precipitated as BaS04« 
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Determination of a Sulphide and a Sulphydrate in Presence of 

Each Other 

When a mixture of sulphide and sulphydrate is treated with iodine the follow¬ 
ing reactions take place; 

H,S+I,=2HI-|-S and NaHS-|-2Ij =NaI+HI-t-S. 

It will be noticed that the a(!idity produced by the first reaction is twice that 
caused by the iodine action on the sulphydrate, and that the acidity in the latter 
titration remains unaffected. The reactions with the alkali salts is effected by 
addition of a standard iodine solution containing a known amount of hydrochloric 
acid. The reactions in this case arc as follows: 

Na»S+2HCl =2NaCH-ll2S and NaSH+IICl =NaCH-H,S. The iodine reacts 
with the HjS ns follows: HjS+Ij =2HI-f8. 

From the second set of reactions it is evident that the quantity of hydriodic 
acid fonned by the action of iodine on the sulphide is etiuivalent to the hydro¬ 
chloric acid required to decompose the sulphide, so that the acidity remains 
unchanged. On the other hand with sulphydrate, NaSH, the hydriodic acid 
formed by the iodine oxidation, is twice the cciuivalent of hydrochloric acid required 
to decompose the acid salt. Hence it is evident that the acidity is a measure 
of the quantity of sulphydrate present in the mixture From the second set of 
reactions the following procedure is devised. 

Procedure. To a measured amount of N/10 iodine solution containing a 
measured amount of N/IO hydrochloric acid (the mixture diluted to 400 cc.) 
is added the solution containing the sulphide and sulphydrate from a burette, 
until the stirred solution becomes a pale yellow color. (The cc. of solution added 
is noted and its equivalent of the sample calculated.) Starch is now added and 
the excess of the iodine titrated with N/U) sodium thiosulphate. The cc. of 
thiosulphate in tenns of N/10 solution subtracted from the cc. N/10 nxline 
solution taken give cc. iodine required by the sample added. The aci^ty of the 
solution is now detenuined by titnition with N/10 sodium hydroxide. The cc. 
NaOH reciuired by the III give total NaOII minus cc. N/10 HCl present in the 
iodine solution. 

Calculation. .1. Cc. N/10 iodine required by the sample minus twice the 
ee. of N/10 NaOH required by HI formed by the reaction multiplied by 0.003903 
give weight of Na>S, (i.e., cc. I —2 cc. NaOlI) X0.003904 =gram Na.S. 

B. Cc. N/10 NaOH reriuired by the HI multiplied by 0.00560 gives gram 
weight of NaHS. Or in brief: ee. NaOH X0.0056(W = gram NaHS. 

The alxive weights multiplied by 100 and divided by the weight of sample 
used in the iodine titration give i)cr cent of constituents in the sample. 

The method is of value in the analysis of alkali sulphides in absence of other 
compounds, which are decomposed by hydrochloric acid and which react with 
iodine. 

Determination of Thiosulphate in Presence of Sulphide 
and Sulphydrate 

The sulphide and sulphydrate sulphur is removed from the solution by adding 
an excess of freshly precipitated cadmium carbonate. The solution is filtered 
and diluted to a definite volume and the thiosulphate determined on an aliquot 
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portion by running it into an excess of N/10 iodine solution and titrating the 
excess of iodine with N/10 thiosulphate solution. 

One cc. N/10 itKline =0.024822 gram NaiS, 03 v 5 IIf 0 . 

Determination of Sulphates and Sulphides in Presence of 

One Another 

In one portion of the sample the sulphide is decomposed ami the hydrogen 
sulphide expelled by lM>iling the solution (in presence of ( M)j replacing air in the 
flask) after acidifying with hydrochloric acid. The sulphate sulphur may now bo 
precipitated as B!kS ()4 by the u.sual methods. 

In a second portion total sulphur is defenuined after oxidizing the sulphide 
with an excess of bromine and Isnling out the excess of halogen. Total sulphur 
minus sulphate sulphur =sulphi(le sulphur. 

The sulphide may be oxidized with fuming nitric acid by lM>iling the solution 
in a flask with reflux condeiLser. The nitric acid is cxiadled by cvajsirating the 
solution down to a moist re.sidue. The sulphate is now precipitated by taking up 
the residue with water, adding 1I(/1 and then suflicient BaClj to cause complete 
precipitation. 

Determining the Sulphur in Thiocyanic (Sulphocyanic) 
Acid and its Salts 

Oxidation of the .sulphur may bo acc<implished as descril>ed for sulphides in 
the preceditig method cither by iiumuis of bnimino or by fuming nitric acid. I'ho 
sulphur is then precipitated as IJaSOt tvs usual. 

Determination of Sulphurous Acid (SOj in Solution) Free, or 
Combined in Sulphites, Acid Sulphites, Metabisulphites and 
Thiosulphates 

Gravimetric Method, Oxidation to Sulphate and Precipitation as BaSO,. 
Sulphur dioxide, free or combined in a soluble salt, may lx; oxidized to St), or 
sulphate by means of an oxidizing agent such as chlorine, or bromine, or hydrogen 
peroxide (alkaline solution). The sulphuric acid or sulphate may !)e then pre¬ 
cipitated and determined as BaSO, in the u.sual way. ^ 

Procedure. The halogen (bromine preferred) Is added (in a water-saturated 
solution) in large excess to the sample, the free halogen then Ixiiled out, and sul¬ 
phuric acid precipitated, from a solution made slightly acid with hydrixihloric 
acid, by addition of a solution of barium chloride, according to the standard 
procedure. 

If hydrogen peroxide is used, the, solution should Ixj imule alkaline with 
ammonia and the peroxide added, the excess boiled out, and the solution then 
made acid as directed above. 

BaSO.X0.3517 or X0.5401 =Na,SO., or XO.44.58 =NaHSO„ or 

X0.3387 =Na,S.O„ or X0.2745 =80,. 

Note. If hydrogen peroxide is used, it should be tested for 11,8()« and allowanee 
made accordingly. 
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Volumetric Methods 

Titration with Iodine. Sulphurous Acid, Sulphites, Metabisulphites, Thio- 

■uiphates. Sulphurous acid, combined or free, may be titrated with iodine solu¬ 
tion, the following reaction taking place: 

S0.+2H-2H,0 =H»S04+2HI. 

The titration is accomplished by adding the solution of sulphurous acid, sulphite, 
or thiosulphate to the iodine, not in the reverse order, since in the latter order low 
rraults are obtained, unless the solution is very dilute (less than 0.04% SO,).* 

Procedure. Five grams of the sample (sulphurous acid solution titrated 
directly) are dissolved in a little water and transferred to a 500-ce. graduated 
flask, then made to volume. Each cc. of this solution contains 0.01 gram of the 
sample; 100 cc. of N/lO iodine, or their eijuivalent if the solution is stronger or 
weaker, are placed in a beaker together with a few drops of hydrochloric acid. A 
portion of the sample in a lOO-cc. burcitte is now run into the iodine, with con¬ 
stant stirring, until the color of the free iodine has almost faded out; a little 
starch solution is now tvddcd and the titration continued to the complete fading 
of the blue color. 

Since each cc. of the sample contains 0.01 gram of the material, it follows 
that the 100-cc. iodine equivalent in tenns of the material titrated expressed to 
the fourth decimal place as a whole immlxir, if divided by the cc. of the sample 
required, will give the per cent of the substance sought, provided other titratablo 
substances are absent. 

Example. Suppose sodium sulphite is lieing titrated, then since 100 cc. of 
N/10 iodine are equivalent to 0.(1304 gram NajSCt,, 6.304 divided by the cc. 
Na,SO, solution required gives ]x?r cent Na,SO«. If 63 cc. were reciuired the salt 
would be 100% pure. 

Note. When the iodine equivalent is over unity, it is necessarj' to take a larger 
sample per fi(K>-cc. volume to avoid having a titration of over 100 cc. P’or example 
in tne analyids of sodium thiosulphate, a 20-gram Siunplo is diluted to 5(M) cc. and a 
portion of this added to 100 cc. of N/10 iodine solution. In this case it must bo kept 
m mind that each cc. of the sample contains 0.04 gram of thiosulphate and the ]>er- 
centage calculated accordingly upon completing the titration. 

If the titration of the iodine is made in a casserole, the cnd-jioint may readily be 
lecogniied without the addition of starch. 

Equivalents. 100 cc. N/lO iodine solution wilt oxidize; 

Sodium sulphite (anhydrous), Na,SOa =0.6.304 gram, or 0.3203 gram SO,. 

Sodium sulphite, Na,SO,.7H,0 = 1.2606 grams. 

Acid sodium sulphite, NaHSO, =0.5204 gram. 

Sodium metabisulphite, Na,S,0, (anhydride of NaHSO,) =0.47535 gram. 

Sodium thiosulphate, NaAO, .511,0 =2.4822 grams. 

Nora. Hydrogen sulphide or sodium sulphide are also titrated with iodine. 
Equivalents for loB cc. N/10 iodine“0.1704 gram H,8, or 0.3904 gram Na,8, 

> A secondary reaction takes place, the hydriodic acid formed reducing the SO, 
to S, ejg., SO,-|-4HI-2H,0+2I,+8. (J. Volhard, .Knn. 'd. Chem. u. Phmm^ 249, 
04.) Tnesolution, if not(too dilute, will show a distinct seiiaration of sulphur. (Tread- 
weU and Hall, “ Analytical Chemistry,” 9,3d Ed.) Kischig believes that a loss of 
SO, occurs, duo to evaporation. (Z. Angew. Chem., 680, 19()4.) See Sutton, “Vol¬ 
umetric Anidysis,” KKh Ed., pp. 128,129. Gooch, ’ Methods m Chemical Atmlysis,” 
1st pp. 364-368. 
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Detennimition of Sodium Thiosulphate. Tho iodine titration is described 
on page 612. See also the chapter on iodine. 

Acidimetric and Alkalimetric Methods 

Titration of Sulphites, Acid Sulphites (Metabisulphite) or Sulphurous 
Acid. The choice of indicator is important as the titration with one may be 
different from that obtained in presence of another. For example the titration 
of sulphurous acid by an alkali in presence of phenolphthalein is twice the titration 
necessary to obtain an alkaline reaction with methyl orange. The reason for 
this is evident by the fact that Na,SO, is neutral to phenolphthalein and alkaline 
to methyl orange, whereas NaliSO, is neutral to methyl onmgc but is acid to 
phenolphthalein. Advantage is taken of this in the analysis of salts containing 
a mixture of the normal and acid salts. 

Reaction. With phenolphthalein H2SO»+2NaOH =Na,S0a+2H,0. 

With methyl orange H,SOs+NaOH =NuHS0i+H,0. 

On tho other hand if a salt is being titrated, methyl orange cannot be used 
for the titration of metabisulphito or acid sulphite, since these salts are neutral 
to this indicator, here phenolphthalein is rc<iuired and an alkali titration made. 

Reaction. NalLSOj+NaOH =NaySOa. (Na,S,(),+II,() =-2NaHS(),.) 

Again if sodium sulphite, Na,80,, is .to be titrated, phenolphthalein would not 
do as an indicator, since Na,SO, is neutral to this indicator. Here an acid titra¬ 
tion is required with methyl orange indicator present: 

2N ajSO, H- H j.SO, = 2N’ al 1 S(),+N a2804. 

A. Sulphurous Acid 

For the alkali titration of this acid it is advisiible to u.se methyl orange os 
indicator, since this is not affected by carbon dioxide, which is very fnsjuently 
present. 

Reaction. H,SO,4-Na()H =NaHSO,. 

One cc. N/1 NaOH =0.06407 grmn SO,, or =0.08200 gram 11,80,. 

B. Sodium Metabisulphite 

Sodium acid sulphite docs not exist in dry form, since the salt loses water 
and the anhydride Na,S,Os results. This is analogous to sulphurous acid, which 
exists only in water solution. It has been found that the acid sulphite solution 
evaporated to crystallization yields a product, which though dried with extreme 
care, forms the anhydride .salt, NaAO,. For correct report, therefore, the solid 
should be reported as metabisulphite, and the solution of the salt as acid sulphite. 

Since metabisulphite in solution, or acid sulphite, is neutral to methyl orange, 
phenolphthalein indicator must be used and an alkali titration made. Carbon 
dioxide-free water and reagents should be used. 

Reaction. NaAO.-FHA)-2NaHSO. and NaHSO.+NaOH-Na,80,+H,0. 

Procedure. 9.507 grams of the finely ground powder are dissolved in about 
50 cc. of cold saturated salt solution, to which has been added from a burette 
60 cc. of normal sodium hydroxide. The salt solution should be made neutral to 
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phenolphthalein. One cc. of 0.1% solution of the indicator is added and the 
excess acid sodium sulphite titrated with normal sodium hydroxide until a per¬ 
manent faint pink color is obtained. 

Since the normal equivalent of the salt has been taken for analysis the cc. 
alkali titration, includinii; the 50 cc. originally present, will give the percentage 
directly in terms of NajS 206 . 

Note. The NaCl serves to give a sharp and more )>ermanent end-point. It 
may be necessary to add more of the indicator towards the end of tho titration. 

C. Sodium Sulphite, NajSOs 

fiodium sulphite, NajiSO,, is neutral to phenolphthalein and alkaline to 
methyl orange. The titration of tliis salt is accomplished by addition of standard 
acid in presence of methyl orange. 

Reaction. 2 Na,S 0 ,-|-H,S 04 = NojSO.-fiNaHSO,. 

Procedure. The normal factor weight (12.6 grams) of the salt is dissolved 
in about 250 cc. of distilled water, 1 cc. of methyl orange added, followed by 
nonnal sulphuric acid, added from a burette until a faint orange end-point is 
obtained. As in the case of the metabisulphite, each cc. of normal sulphuric 
acid equals 1% NajSOs. Hence the percentage is obtained direcdly from the 
■burette reading. 

Notes. Organic coloring matter may f)e removed from the solution by Altering 
through charcoal. 

If sodium carbonate is present, it will also be titratetl. A correction must be 
applied for this. In tho jtresence of sodium carb«)nato tho solution will be alkaline 
to phenolphtluvlein. An approximate estimation of this may bo obtained by titra¬ 
tion with normal acid in iircsenco of this indicjitor, remembering that sodium bicar¬ 
bonate, NaHt'Oj, is neutral to phenolphthalein, hence twice this titration must be 
deducted from tho total methyl orange titration, i.e., Na-COj-l-lIjKO, (M.().) = 
NajSfb-t-HaCOi and 2NasS()j-|-H2S()4 (P.) =2NoH804-|-2NaHCOj. (Alkalinehydrox¬ 
ides will also be titrated.) C(^j may also be obtained by the standari^irocedure under 
carbon, tho SOj being oxidiz^ by addition of chromic acid. NaaCOjX 1.5“equiv¬ 
alent Na»S()i. 

Sodium carbonate may be detected in a sulphite or metabisulphite by adding 
cold, dilute acetic acid (25%) to the dry powdered salt. An effervescence is due 
to the presence of carbonate, since a sulphite or metabLsulphite docs not effer¬ 
vesce under similar conditions. 


Determination of Sulphites, Metabisulphites, Thiosulphates, 
Sulphates, Chlorides and Carbonates in Presence of One 
Another 

1 . Sodium Sulphite, NaaSOa 


\ 


This is determined by titration with standard acid in the presence of methyi 
orange indicator according to the standard procedure previously described. II 
a carbonate is present, allowance must be made for this as stated 


One cc. N/1 HiSOz “0.126 gram Na,SO,. Calculate to per cent. 


Na,CO»X 1.5 -equivalent NaiSOi. 
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a. Sodium Metabisulphite, N«.2S20s 

' This is determined by titration with a standard alkali in the presence of 
phenolphtlialein indicator according to the procedure previously described. 

One cc. N/1 NaOH =0.09507 gram Na^SiOj. Calculate to per cent. 

3 . Sodium Thiosulphate, Na 2 S 203 

One gram of the mixed salts is placed in 100 cc. of N /10 iodine solution, and 
the excess of iodine titrated with N/IO sodium thiosulphate according to the 
standard procedure. 

Calculation. {(cc. N/10 I —cc. N/10 Na,.SjO,) —[(% Na2S2O,X2.104) 

+ (% NatSO.X l.f).S(l»)I} X I ..WU =% Na,S,0.. 


4 . Sodium Sulphate 

The sample is dissolved in a little water, hydns'liloric acid added, and the 
solution boiled to expel all of the SO,, llarium sulphate is now pixicipitaUnl 
and determined according to the standfird procedure. 

BaS(). X O.OOSO = Na,S()«. 

Note. The amount of the sample required is goveriKd by the per cent Na,SOi 
present. 


5 . Sodium Chloride 

The sample is dissolved in water, nitric acid added and the solution boiled 
until all the SO, has either been volatilized or oxidized. The chlorine of the 
chloride is now precipitated with silver nitrate from a hot .solution by the usual 
procedure. 

AgClX0.4078 =NaCI. 

Note. The amount ^f the sample taken is governed by the i)cr cent of NaCl 
present. 


6 . Sodium Carbonate, Na^COs 

• 

Carbon dioxide is evolved from the mixture by means of chromic and sul¬ 
phuric acids, the former being used to oxidize the SO, of the sample. The evolved 
gas is bubbled through a mixture of strong sulphuric and chromic acids to remove 
any SO, that ntay have escaped oxidation. Fig. 20. The CO, is absorbed either 
in caustic and weighed or is passed into a standard solution of barium hydroxide 
and titrated according to the standard procedures given under carbon. 

Note. The amount of the sample taken is governed by the per cent of Na,COi 
present. 
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ESTIMATION OF SODIUM HYDROSULPHITE 
Standard Indigo Solution. To about 150 cc. concentrated sulphuric acid in a 
casserole, are added 4.2 granis of indigo, slowly with stirring. The solution is kept 
at 80* C. for an hour in an oven, stirring once or twice during this time. After 
cooling the solution it is inude up to four liters with distilled water. This reagent 
is now standardized aguiiust N /r)0 KMnO^ solution. To do this 25 cc. of the indigo 

solution is diluted in a casserole with 
300 cc. of water and titrated with N /50 
KMnOi reagent. 

1 cc. N /50 KMn04 is equivalent to 
' lint 0-0015 g. indigotin. 

1.505: l=gram indigotine : x, where 
a:=gram Na2S.i04 in 25 cc. Indigo solu¬ 
tion. 

2X10,000 
cc. titration 

solid) or grams per liter (25 cc. sample 
made up to 500 cc.). 


S00C.C. Flask; 
NotStOiSolullon-- 
Kutb*r Tub* withSlif 



=% NajSsOa (2.5 grams of 


Procedure 

Titration of Sodium Hydrosul¬ 
phite Against Standard Indigo Solu¬ 
tion. Fifty cc. of standard indigo solu¬ 
tion are pipetted into a 300 cc. Erlen- 
meyer flask. The titrating apparatus 
as well as the 500 cc. volumetric flask 
are filled with CO2 gas (CjHj may be 
used in place of CO2). Two and a half 
grams of the solid are now taken, or 25 
cc. of the solution (if the material is 
already dissolved as a 10% solution) 
and placed in the 500 cc. flask and 
made to mark with . distilled water. 
The flask is stoppereil and connections 
made with the burette, etc., as shown in 
Fig. 05a. The burette is filled with 
the sample and the flask containing the 
indigo solution is placed under the bur¬ 
ette as shown in the figure. The air 
s displaced from the apparatus by CO2, 
the flow of this gas teing continued 
during the titration. The hydrosulphitc solution is now added to the indigo 
solution until it changes from the blue to a yellow or brown color. 

Factor for Indigo ~ m a • i-j 

00 titration ~ w 028204 m solids, or grams per liter in liquids. 

-yS Notbs. The hydrosulphite »lution should be made alkaline with NaOH, then 
made up rapidly to volume and titrated in an atmosphere of COi to prevent oxidation. 
The sue of the sample may be varied, but the titration should be over 10 cc. 

The tip of the burette should dip below the surface of the indigo until near the end- 
poin^ then withdrawn and the titration completed with the tip above the surface. 

The above method was outlined by J. H. Brackett. 


Indijo — 


Fio. 05a. 
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DETERMINATION OF FREE SULPHUR IN A MIXTURE 


Free sulphur is an essential constituent in many types of mixtures and the 
method of estimation will vary with the nature of the other ingredients. 



Hydrated lime, chalk, g>’psum, dry lime sulphur, 
ealcium arsenate, nicoteno sulphate in infusorial 
earth carrier, sodium ]x>lysulphidc, sodium chlor¬ 
ide, epsom salts, and the usual fertilizer materials 
are the substances most commonly found in the 
mixtures now on the market. All commercial 
forms of sulphur arc found in these mixtures and 
the value of the mixture usually depends largely 
on which form of sulphur was used. For exam¬ 
ple, an insecticide dust containing coarse crude or 
refined sulphur, instead of flowers or superfine, 
would be valuele.ss even though the chemical anol- 
y.sis showed that the mixture contained the speci¬ 
fied percentage of total sulphur. Therefore, the 
microscope and a little ingenuity will indicate the 
proper combination of methods to follow. 

From 1 to 10 grams of the material, depend¬ 
ing upon the amount of sulphur present, is ex¬ 
tracted in a Soxhlet extractor (sec modified form. 
Fig. 66) with carbon bi.sulphidc (freshly distilled) 
for twelve hours. The extract is evaporated to 
dryness, adding 10 cc. of bromine-carbon tetra¬ 
chloride mixture together with 15 cc.' of nitrio 
acid. The residue is taken up with 10 cc. of hy¬ 
drochloric acid, diluted with 1.50 cc. of distill^ 
water, heated to boiling and the sulphuric acid 
precipitated with 10% barium chloride solution, 
washed, dried, ignited and weighed according to 
the procedure for sulphur. 


Fio. 66. Sanders' Extraction 
Apparatus. 


BaSO,X 100X0.1373 
Weight of sample 


= % free rhombic sulphur. 


After extraction carefully dry the thimble and contents. Examine under a 
microscope a small portion of the dried material. Remaining sulphur if present 
will be in the amorphous form and have the characteristic “ droplet ” structure 
seen in flowers of sulphur. Presence of much hulphur at this stage indicates that 
flowers of sulphur was used in the mixture, and the proper procedure to follow 
will deiiend on the nature of the other constituents. If a soluble sulphate 
such as nicotene sulphate or epsom salts is indicated, then an aliquot of the 
residue in the extraction thimble can be leached with hot water and the sulphur 
determined by one of the usual methods after wet oxidization. If an insoluble 
material such as gypsum is indicated, then the free sulphur may be burned 
off in the air and the combined sulphur determined in the residue after solution 
by one of the standard methods; the total sulphur having first been determined 
in another aliquot after wet oxidization with bromine and nitric acid. What- 
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ever procedure is followed, the content of amorphous sulphur is calculated by 
difference and thus the percentage of flowers established by adding the amount 
thus found to the CSj soluble sulphur. 

Banders’ extraction apparatus' has several advantages that make this 
apparatus desirable for laboratory use, where a number of daily extractions 
are required. As may be seen from Fig. 66, by simply removing the glass 
stopper D the cylinder may be charged without disconnecting the apparatus, 
as is necessary with the Soxhlct type of apparatus. I'he extraction is carried 
on with the traps .-1 and li closed, the siphon <-(' acting automatically as in 
cose of the Soxhlct. With A closed and B open the apparatus may be used 
as a reflux condenser. The solvent liquid may be drawn off by opening A. 
With B clos(^d and .1 open the apparatus may be used as a condenser and the 
ether, chloroform, carbon disulphide, etc., distilled from C. The globe-shaped 
Soxhlct condenser may be replaced by Allihn’s or Liebig’s condenser, if desired. 
The ball form, however, is more compact. 


EVALUATION OF SPENT OXIDE FOR AVAILABLE SULPHUR 

Spent oxide is the by-product of gas works, and refers to the sixjnt Fe-O* used 
in tho scrubber for the removal of hydrogen sulphide from the gas. The FeS, 
as in case of pyrites, is used in the nuvnufaeture of sulphuric acid, and is evalued 
by its available sulphur content. 

Total Sulphur. The oxide is sampled, brought into solution and the sulphur 
determined exactly as is given under the standard method for determination ( f 
sulphur in pyritc^s ore. 

Residual Sulphur, 'fwo grams of the material are ignited to expel volatile 
sulphur, a porcelain crucible being used. The residue is treated with strong 
hydrochloric acid and after digestion on the steam or water bath is diluted with 
water and filtered. (If SiOi is present evaporation to dryness is necessary.) 
Sulphur is determined in the fdtrate as usual. 

Available Sulphur. The per cent of residual sulphur is subtracted from the 
per cent tot.al sulphur, tho difTenmee Ixdng available sulphur. 

Iron. This may be d(?tcnnined on an ignited sample according to a stand.ard 
procedure for iron. See chapter on Iron. 


' J. McC. Sanders, Proc. Chem. See., 26, 227-228, 1910. 
1910. 


The Analyst, 36, .'i.'iO, 
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ANALYSIS OF REFINED SULPHURS AND BRIMSTONE 

The impurities in commerriiil sulpiiurs and brimstones are seldom more 
than a few tenths per cent. Arsenic, acidity, chlorine, and the amount of 
amorphous .sulphur present (CSj insoluble) are required. AI.>'o the fineness 
and specific volume (degrees Chancel) arc often required for sulphurs used 
in agriculture. 

Moisture. The powdered sample, weighing 50 grams, is spread out on a 
watch-glass and dried for an hour at lOO” C., then cooled in a desiccator and 
weighed. 

Loss of weight in grams multiplied by 2= per cent moisture. 

Arsenic. Ten grains of the nmterial are treated with .30 ce. of carlnm tetra¬ 
chloride mixture (3 parts C(’li-|-2 parts Hr) and after standing for ten minutes 
25 cc. strung nitric acid are added in small ixirtions (a watch-glass covering the 
beaker during the intervals of addition). lINOj and IJr are exiielled by evapora¬ 
tion on the steam bath. Water is adilcd and the cvaisiration reiHNiteil. Arsenic 
is now determined on the residue by the Gutzeit Method for arsenic. 

Notk. Arsenic-free reagents should lie employeii. 

Chlorine. One hundred grams of the brimstone aro extracted with hot water, 
the filtercii cxtrai'ts oxulized with 10 to 15 cc. of nitric acid and a few crystals 
of ammonium persulphate by boiling and treatisl with 5 cc. of 10% solution 
of silver nitrate. The solution, brouglit to boiling, is placed in a dark place and 
the silver chloride allowed to settle. This is now filtered off in a weighed Gooch 
crucible and chlorine calculated from the AgGl. 


AgClXO.2474 =C1 or =0.407S =XaCl. 

Mineral and Organic Impurity. Ash 100 gms. of the sample by igniting a 
little at a time in a tanal p<.rcclain or silica ware dish, (,’urry on the combus¬ 
tion in plenty of air amt leithoiU the aid of any external heat except toward 
the last. In igniting the sample u.so a small pin flame gas jet such as the 
petroleum chemist u.scs in making flash and fire tests. Do not use match or 
taper or alcohol to ignite the sulphur as a small amount of organic matter is 
certain to get into the sample from these sources and cause trouble in the 
combustion. The sulphur once ignited will burn evenly and clean unless 
organic matter is present. All refined sulphurs should burn completely without 
the aid of any external heat. With American Gulf C'oast brimstone and with 
oil or asphalt contaminated sulphur the organic matter present in even minute 
amount will cause trouble in burning unless s|ieciul precautions arc taken. 
A film of melted iw))halt or oily matter forms over the surface of the molten 
sulphur and shuts off the air so that the flame from the burning sulphur is 
put out. When this film of dark oily matter is first noticed, touch it lightly 
with the pin flame and it will usually break or char, allowing the sulphur to 
burn evenly. Toward the last apply very gentle heat to the <lish and thus 
char the organic matter but keeji the temix>raturc well below the red so that 
this organic material is not ignited. When all the sulphur is burnt off as 
indicated by no more odor of SO-, cool the dish and weigh; this weight giving 
the combined organic and mineral matter. Then ignite the residue at low 
red heat to burn off all organic material; again cool and weigh; this weight 
41 
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{(iving the mineral impurity or ash. The difference between the two weights 
represents the organic impurity. 

Acidity. Boil 100 gms. of the pulverized sample with about 500 cc. water- 
The addition of a little neutral elcohol at the start will aid in wetting the 
sulphur which sometimes floats and causes trouble. Cool and make up to a 
standard volume. Pipette or filter off an aliquot and titrate with N/10 alkali, 
using phenolphthalein. Calculate acidity as HjSOi and express as per cent 
acidity. 

Available Sulphur. Add together moisture, organic matter, ash, arsenic, 
acidity, chlorine and reiMirt available sulphur as the difference. 

Amorphous Sulphur (CSi insoluble). Weigh five to twenty grams of the 
finely pulverized sample into a tared Extraction Thimble and extract with 
carbon bisulphide. The rate of extraction is regulated so that one filling of 
the chamber takes about five minutes. The extraction should be complete 
in thirty minutes. It is important that the extraction be stopped as soon as 
the loss in weight of the thimble and contents becomes constant as long- 
continued extraction will carry some of the amorphous sulphur into solution. 
Note: A Soxhict type extraction apparatus is best as other types where the 
thimble is not immersed in the liquid give erratic results at times on account 
of the tendency of the CSj solution of sulphur to “ crawl ” to the top of the 
thimble and there deposit out a hard scale of rhombic sulphur. When the 
extraction is comideted, the thimble and contents are frwd from CSj by exposure 
to a rapid current of dry air and tlien dried for thirty minutes in a water 
oven through which air circulates. (Finely divided sulphur, CSj, and air is 
a mixture liable to spontaneous combustion, so get rid of the bulk of the CS 2 
in the cold dry air current before exposing to the heat of the oven.) The 
weight of the contents of the thimble less ash and arsenic and organic matter 
is taken as the amorphous sulphur. Flowers of sulphur must contain in 
excess of 30% amorphous sulphur. (Flowers are often sophisticated by the 
addition of ground sulphur when the content of amorphous sulphur is lowered 
in proportion—this should not be reported as flowers but flowers with so 
much adulteration.) Refined lump sulphur, roll sulphur and rubber makers 
sulphur should contain no amorphous sulphur. Powdered sublimed sulphur 
usually contains some small percentage of amorphous sulphur. Note: Direct 
sunlight, heat and some chemical fumes cause the amorphous sulphur in 
flowers to revert to the soluble rhombic modification. Therefore be careful 
in the preparation and treatment of samples of flowers of sulphur. 

Fineness and Specific Volume of Degree Chancel. Examine the sample 
under the microscope. Use a recessed slide and wet the specimen with alcohol 
or preferably with concentrated sulphuric acid. Flowers of sulphur appear as 
loose agglomerations of opaque yellow spherical droplets. Ground refined 
sulphur and ground brimstone appear ns clear angular fragments almost 
colorless. High quality flowers consists entirely of minute droplets all of 
uniform size and barely touching each other. In low quality flowers the drop¬ 
lets are of largo and irregular size and are more or less fused together. The 
siffaller and the more uniform the size of the sulphur particles—whether the 
droplets of the flowers or the grains of a pulverized sulphur—the greater will 
be the specific volume and the Degree Chancel. This is determined by the 
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Chancel Sulphurimeter,* a tall glass tube, glass-stoppered, graduated into 
100 degrees of J cc. each. Five grams of the sulphur sample are accurately 
weighed out and dusted into the tube which is half filled with ether or alcohol. 
The sulphur and alcohol is strongly shaken «iid the tulic and contents allowed 
to stand in a vertical |X)sition. The reading of the sulphur level is taken ns 
soon as the subsidence ceasi» or at the end of an hour and this is reported 
as the degree Chancel. (If a Chanetd Sulphuriiueter is not obtainable, a tall 
glass-stoppered graduate of 2.5 cc. capacity will serve, remembering that each 
quarter cc. represents a degree in the Chancel scale. Of course this reading 
will not be as accurate as on the Sulphurimetcr where the scale is larger on 
account of the smaller diameter of the Chancel tube.) 

The cylindrical glass tube should have the following dimen¬ 
sions: The cylinder should be 23 cm. long and 15 mm. in 
diameter, with a scale starting from below, graduated upwards 
into 100 degrees, each degree being J cc.; the 100 degrees 
, (2.5 cc.) occupy a length of 100 mm. The cylinder is closed 
** at the lower end, and glitss stopi>ercd, as shown in Fig. ()6a. 
The sulphur is first passed through a sieve 1 mm. mesh, in 
order to break down the lumps formed with storage. As statial, 
100 a .5 gram sample is placed in the tube and this half filled with 

90 
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10 

Fio. 60a. Fia. 66b. Flowers of Sulphur Fio. 66c. Hhoinbic Sulphur. 
Sulphuriaieter. 

anhydrous ether, having a temperature of 17.5° C. The sieved sample is 
shaken and additional ether added until the level stands 1 cc. over the 100° 
mark and the whole again shaken in an upright position, the sulphur allowed 
to settle and the degrees Chancel read off. 

The procedure for analysis of refined sulphurs was contributed by Chas. A. Ncwhall, 

* Lunge, Tech. Methods of Chem. Analy., Vol. I. p. 265 (190S). 

Lunge, Sulphuric Acid and Alkali, Vol. I, Part I, page 47 (1913). 





520 


SULPHUR 


QUANTITATIVE ESTIMATION OF SMALL QUANTITIES OF 
SULPHIDE SULPHUR; METHOD OF W. A. DRUSHEL 
AND C. M. ELSTON* 

The method is a colorimetric method and consists essentially of the comparison 
of the depth of color of lead sulphide stains obtained from the sulpliide sulphur of a 
given weight of a sample to be analyzed with a standard series of stains prepared 
from sulphide solutions of known sulphur content. A set of stains varying in 
depth of color from a faint yellowish brown to black representing from 0.0002% 
to 0.004% of sulphide sulphur may be prepared and use<l indefinitely for comparison. 
With a set of standard stains at hand the method has the advantage that within 
the range given the sulphide sulphur of a sample may be determined with a fair 
degree of accuracy in less than ten minutes. 


Preparation of Standard Set of Sulphide Stains. The apparatus used for 
preparing standard stains and for making analy.ses is very simple. The inner tiiljc 
of a Liebig condenser with its larger end about IS mm. in internal diameter is 
cut off 15 cm. in length. The smaller end is drawn down somewhat, rounded and 
fitted to a sound cork stopper whicli in turn is fitted to a 100 cc. round-bottom 
flask. The conden.ser tulx) then serves a-s a sort of reflux condenser. To the upper 
and larger end of this tuljc a filter pajicr moLstened with a dilute solution of lead 
acetate is smoothly fitted and tied, so that the steam passing up tlirough the tidx! 
and carrying hydrogen sulphide is required to pass out through the lead acetate 
paper. A similar tube with the internal diameter of its larger end al)out 30 mm. 
is also prejjared and usetl for sulphide sulphur .samples containing 0.001% or more 
of sulphur. 

A solution of sodium sulphide is made up with pure distilled water and care¬ 
fully standardized. The solution is then diluted to contain exactly 0.01% of sul¬ 
phide sulphur. This solution is used for making up staiulard solutions containing 
0.0002, 0.0004, 0.0000, O.OOOS, 0.001, 0.002, 0.003 and 0.(X)4% of sulphide .sulphur 
respectively, taking care to use distilled water free from traces of nitrites in making 
the dilutions. It is found that the more dilute sidphido solutions when made up 
with ordinary distilled water lose their sulphide content either wholly or in part on 
standing for several hours in stop|ieretl bottles. This difficulty is obviateil by 
using nitrite free distilletl water in making up the solutions. 

Carefully measure ! portions of 1 cc. to 5 ce. of the standard solutions are 
pipetted into the ItX) ca. flask and 25 cc. of hydroclrloric acid of about 0.5% 
strength is added. The flask is immediately attached to the condenser tube fitted 
with moistened lead acetate paper lus previously descrilxjd. The mixture is then 
gently boiled for a few minutes at such a rate that the steam issued not too rapidly 
from the upper end of the condenser tube. In this way the sulphide sulphur is 
quantitatively liberated as hydrogen sulphide and evenly deposited as lead sulphide 
on the moistened lead acetote paper. The undecomposed leatl acetate is then 
w^hed out, the paper dried and labeled with the amount of sulphide .sulphur present 
88^one of the set of standard stains. In the same way complete sets in duplicate 
are prepared ranging in sulphide sulphur from 0.0002% to 0.004%. 

‘ Am. Jour. Sci., Fourth Series, Vol. XLII, No. 248, August, 1916. 
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In making these estimations the larger condenser tube is used where a prelimi¬ 
nary trial indicates that the amount of sulphide sulphur is equal to or greater than 
0.001%. In all other cases the smaller tube is u.sed. The maximum error, de¬ 
pending upon the amount of sulphur present, with the larger tube was 0.001% 
and with the smaller tube 0.0003%. These errors may be reducetl by repeating 
the <lcterminution and taking the mean of scvenil values found. In this way in 
the practical applications of the method the errors may be kept within reasonable 
limits. 

Practical Applications. (1) In gas analysis. Twenty-five liters of air are 
slowly drawn through a Goi.ssler bulb of the mo.st nxxlern tyiie containing dilute 
potassium hydroxide solution. This solution is then washed into a measuring 
flash and made up Ui the mark with nitrite free distilled water and aliquot portions 
of this solution are used for determining the sulphide sulphur as previously 
described. 

(2) In coke analysis. The simplest mcthwl of estimating sulphur in coke given 
by Kresenius is to boil h grams to 10 gniins of powdereil a»ke in dilute hydrochloric 
acid, and to ab.sorb tlie hydrogen sulphide evolved in dilute iH>ta.ssium hytlroxide 
solution. The sulphur is then oxidized to the sulphate condition by chlorine water 
or bromin(! water and wciglied as barium sulphate. This method is u.scd as a 
control to check up the results obtained by the colorimetric method. In this 
method the hydrogen sulphide is lilx^ratcd and nbsorlxid as suggested by Kresenius 
and ali(|uot portions of the sulphide containing iK)tassium hydroxide .solution are 
transferred to the distillation flask and the previously described pn)cedure is fol¬ 
lowed. 

(3) In paiMT analy.sis. In order that tissue paj)er may be used for wrapping 
polisheil metal witlu)ut producing a tarnish the paper must l)e relatively free from 
sulphide sulphur. A weighetl amount of paper, 1 gram to 2 grams, is cut into small 
pieces and transferred to the distilling flask and digested with gently boiling 0.5% 
Ijydrochloric acid, collecting the hydrogen sulphide us lead sulphide on lead acetate 
pa]M!r us previously described. 
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Th, at.wt. 232.15; sp.gr. 11.0-12.2; m.p. 1450“; oxides, ThOj (ThO, and 
TIijOt known only in hydrate form) 

DETECTION 

In the rc;;ulnr analytical procedure thorium is found in the precipitate of 
the tri- and tctra-valent hydroxides produced by ammonium hydroxide, 
provided a sufficiently thorough decomposition of the sample has been obtained 
(sec section on preparation and solution of sample). Along with rare earth 
elements,' and a little zirconium, thorium may be obtained as oxalate by 
dissolving the hydroxide precipitate * in hydrochloric acid and adding a slight 
excess of oxalic acid to the hot, weakly acid (not over 0.5 normal) solution. 
The precipitate should be allowed to stand six or eight hours before filtration. 
After having been washed with water containing 2 cc. of 6 normal hydrochloric 
acid per 100 cc., the precipitate is rinsed into a beaker with pure water, using 
about 50 cc. To this mixture 5 g. of solid ainmoniiim oxalate are added, 
and the mixture is heated for half an hour nearly to boiling, and well stirred. 
Two volumes of water are added, the mixture is allowed to stand half an 
hour and then filtered. To the filtrate 20 cc. of 6 normal hydrochloric acid 
arc added. A white precipitate indicates the presence of thorium.’ This 
precipitate can be put into .solution by strong heating with cone, sulphuric 
acid, and taking up with ice-cold water. One of the following characteristic 
tests may be used as confirmation of thorium. 

A sensitive test for thorium ‘ consists in the precipitation of thorium 
iodate in nitric acid solution. Two reagent .solutions arc necessary: (I) 15 g. 
of potassium iodate, 50 cc. of cone, nitric acid, and 100 cc. of water. (II) 
4 g. of potassium iodate, 50 <-c. of cone, nitric acid, and 4.50 cc. of water. The 
solution to bo tested for thorium, which must contain no hydrochloric acid, 
is boiled with a little sulphurous acid to reduce iiny cerium present. To this 
solution is added twice its volume of reagent (I), which causes precipitation 


• It«is shorter to'ad«l uxiilic acid directly to the filtrate from the hydrogen sulphide 
group, after Imiling out the excess of hydrogen sulphide. This, however, causes com¬ 
plications in the analysis of suliscciucnt grouiis, and may also contaminate the oxalate 
precipitate with cidciumj so it is Iwtter to first precipitate the hydroxides with (car- 
lionate-froo) ainmonitim hydroxide as ilcscrilicd. 

* Thorium oxalate is soluble in ammonium oxalate. Zirconium oxalate, and traces 
of the oxalates of the yttrium earths also dissolve, but the yttrium earth oxalates are 
roprecipitatnl on dilution. The addition of an excess of mineral acid to the ammonium 
ox.alntc solution of thorium and zirconium precipitates thorium oxalate, but not zii^ 
couium oxalate. 

-‘Meyer and Haufier, “Die Analyze der Scltenen Erden und ErdsaOren,” p. 171. 
Ferdinand Enfce, Stuttgart (1912). 

Chapter by Paul H. M.-P. Brinton. 
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of thorium iodate, and more or less rare earth iodates according to their con¬ 
centration in the solution. By now adding reagent (II) in volume equal to 
four times the original volume, and boiling, any rare earth iodate is dissolved, 
while thorium iodate (also any zirconium iodate) remains undissolved. If 
the absence of zirconium is not known with certainty, the iodate precipitate 
may be boiled with 50 cc. of 10% oxalic acid solution ‘ until iodine vapors are 
no longer given off. Any precipitate remaining is thorium oxalate. 

Sodium pyrophosphate produces in solutions of an acid normality of 
0.2-0.3 a white precipitate of thorium pyrophosphate. To make certain that 
this precipitate is entirely free from rare earths it should be rcdissolved, any 
tetravalcnt cerium reduced with sulphurous acid, and then the thorium 
reprecipitated as pyrophosphate as described later under (Iravimctric Deter¬ 
mination. Zirconium and titanium would also be precipitated under these 
conditions, but they would be separated from thorium on the basis of their 
non-precipitation by excess of oxalic acid. 

Spectrum analysis, and the determination of radioactivity * are also useful 
in the detection of thorium. 

ESTIMATION 

The estimation of thorium is required chiefly in connection with the 
incandescent gas mantle industry. The main source of thorium is monazite 
sand, of which the greater part c»)mps from Brazil and India. The South 
Carolina monazite is of poor quality and of very little commercial importance. 
Monazite is essentially an orthophosphate of the cerium earths, and carries 
from about 4% to nearly 10% of ThO^. The highest grade material combs 
from Travancore, India. Thorite and thorianitc, the silicate and the uranate 
respectively of thorium, arc now of limited importance. 

Preparation and Solution of the Sample 

Thorite. The very finely pulverized sample is digested with cone, hydro¬ 
chloric acid at a temperature just below boiling. This usually effects complete 
decomposition, but for safety any insoluble residue should be filtered, after 
dilution, ignited, and then fused with potassium pyrosulphate. This fusion 
is taken up with 6 normal hydrochloric acid and added to the main solution. 
Silica and the hydrogen sulphide group are removed in the conventional way, 
leaving thorium, rare earths, etc., in the acid solution. 

Monazite, Thorianitc, Gas Mantle Residues, etc. While fusion with 
potassium pyrosulphate effects the decomposition, yet it is more convenient 
to attack larger samples with cone, sulphuric acid. In the case of monazite 
sand, large samples are necessary to insure uniform and representative samples. 
Thorianitc and Carolina monazite .should be finely ground, but Brazilian and 
Indian monazite are fully decomposable without grinding, and filtration from 
the insoluble residue is easier if the sample is taken ns it comes. A batch of 
sand should be very carefully mixed before sampling, to avoid the tendency 
toward segregation arising from the different sizes and densities of the con¬ 
stituent grains. 

* Brinton and James, J. Am. Chem. Soc., 41, 1084 (1919). 

* Helmick, J. Am. Chem. Soc., 43, 2003 (1921), gives details for the quantitative, 
as well as the qualitative, determination of thorium in minerals. 
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The following method for the decomposition of monazite is recommended 
by Dr. H. S. Miner/ of the Wclsbach Co.: 50 g. of the sand are weighed out 
and placed in a porcelain casserole of about 50 cc. capacity. 75 cc. of cone, 
sulphuric acid are added, and the mixture is heated for about four hours 
with frequent stirring, a gentle evolution of fumes being maintained during 
the course of the operation. When the mass has become pasty, it is allowed 
to cool, and the sulphates are extracted by the addition of about 400 cc. of 
ice-cold water, or enough to cool the solution sufficiently so that the sulphates 
become soluble. This solution is decanted into a liter-graduated flask, and 
the remaining sulphates arc extracted with small portions of cold water and 
decanted into the flask. A point is reached toward the end of the extraction 
when, due to the decreasing acidity, the small wash portions show a slight 
separation of rare earth phosphate. A few more extractions are made beyond 
this point, but these portions are not added to the graduated flask. They 
arc temporarily preserved in a separate beaker. To the remaining sand, 
which has been dried, 10 cc. of cone, sulphuric acid are added, and the digestion 
is carried out as before, except that a somewhat higher temperature is used, 
enough to maintain copious evolution of white fumes, and the duration of 
the digestion need not exceed one and a half hours. After cooling, extraction 
is started with the last portions of the previous extraction liquor, i.e., those 
decanting which showed slight precipitates of rare earth phosphates, and which 
were preserved in the separate beaker. The sand is now thoroughly washed 
with cold water, and the washings are all decanted into the liter flask. This 
flask now contains all the thorium and rare earths as soluble sulphates. A 
little suspended silica is usually visible at this point, but this will not be mis¬ 
taken for undissolved sulphates. 

After cooling, the sulphate solution is made up exactly to the liter murk, 
thoroughly mixed, and filtered through a dry filter, discarding the first 25 or 
30 cc., and receiving the remainder in a dry flask or bottle. The whole need 
not bo filtered, and, of course, no washing is to be done. Each 100 cc. of 
this solution represents 5 g. of the sample. 

' U. S. bureau of Mines, Bulletin 212, p. 53 (1923). 
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SEPARATIONS 

Thorium is separated from practically all elements excepting the rare 
earth elements and scandium by precipitation as oxalate in slightly acid 
solution. Zirconium may be in part precipitated along with thorium and 
the rare earths, es|X!ciully in the absence of a sufficient excess of oxalic acid; 
and if considerable quantities of calcium, and to less extent strontium and 
barium, are present, there may be contamination unle.ss the mineral acid 
concentration be kept dangerously high. In the presence of much enleium, 
it is better to first separate thorium from it by precipitation with freshly 
distilled ammonium hydroxide, and then to precipitate the thorium as oxalate. 
The details of the oxalate separation have lieen given under Detection. 

The main problem, then, is the separation of thorium from the rare earth 
elements. The io<late methoil has already been given in detail. Two other 
much u.sed methods will now be described. 

The Pyrophosphate Method.' An aliipiot jiortion of the sulphate solution, 
prepared as already described, and usually representing 2..') g. of nionazite 
sand, is diluted to about 4.50 cc., and .5 cc. of cone, hydrochloric acid arc added. 
The solution is heated nearly to boiling and tin? iron and cerium are reduced 
by adding sulphurous acid solution until the yellow color is discharged. 15 cc. 
of sodium pyrophosphate solution (.50 g. Na4P...O7.101I;O in 1 liter of water) 
are slowly added, with constant stirring, and the mixture is then heated to 
gentle boiling for 5 minutes. After standing .5-10 minutes—not more—the 
precipitate of thorium phosphate is filtered ami washed twice with water 
containing 1 drop of hydrochloric acid per 100 cc. A slight cloud in the 
first filtrate, due to atmospheric oxidation of iron (and possibly of cerium), 
with con.sequent precipitation of pyroidiosiihatc may be neglected.* The 
filter paper and precipitate are freed from excess liquid by wra])ping for a 
moment in cheap filter paper or blotting paper, and tlam dropped into a dry 
2.50-cc. Kjeldahl flask. 15 cc. of cone, sulphuric acid and a few crystals of 
ammonium perchlorate arc added, a small funnel is placed in the neck of 
the flask, and the contents arc heated until the filter is disintegrated. When 
a clear brown solution is obtained more perchlorate ’ is added, and the heating 
is continued until the mixture is pure white (or very slightly yellow if much 
cerium was carried down in the first precipitate). The flask is placed in 

* Carney and Camidjell, J. Am. Chem. Soc., 36, 1134 (1914). 

* V. T. Jackson, U. S. Bureau of Mines, Bulletin 212, p. 65 (1923). 

'The oxidation of the filter pawr recjuircs 10 or 15 minutes, and about 1.5 g. of 
fterchlorate. Heating should not )mj continued far beyond the point at \vnich the 
organic matter is fully destroyed, as tlu; jx:rehloric a«ad may break up and cau^ con¬ 
siderable foarairg. Cartlcdge (J. Am. Cliem. Soc., 41, 49 (1919)) shows that fuming 
nitric acid may be sati.sfacforily sulistitutcd for unimonium perchlorate. In this rase 
the precipitate and paper are shaken with 15 cc. of cone, sulphuric acid in the Kjeld^l 
flask for nlwut two minutes, cooling, if necessary, until the flask is just a little too hot 
to lie held comfortably in the hand. To the charred mixture 2-4 cc. of fuming nitric 
acid (sp.gr. 1..5:i) are added, and after a minute or two the solution is gradually raired 
to the boiling point. Occasionally as fumes of sulphur trioxide appear a second charring 
occurs, in which case 0.5 cc. more nitric ackl, jxmred cautiously down the neck of the 
flask, will complete the oxidation. (If the mixture has once been white or slightly 
yellow, no harm is dune if during cooling oxides of nitrogen rcdissolve in the acid, 
thereby restoring a yellow color.) 
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ice-water and then slowly, with shaking, about 100 cc. of ice-cold water are 
added. Complete solution may at times require several hours. Occasionally 
a slight cloud of suspended silica persists. This may be neglected os it will 
be removed in the next step. 

The sulphate solution is rinsed into a solution of 30 g. of sodium hydroxide 
in 126 CO. of water, contained in the original beaker in which the pyrophosphate 
was precipitated,' boiled for several minutes, and washed several times with 
hot water. The paper and precipitate are then placed in the beaker just used, 
10 cc. of cone, hydrochloric acid are added, and after a few minutes of stirring, 
160 cc. of water are added, and the solution is boiled. The paper shreds are 
filtered off and washed, and the filtrate is diluted to about 400 cc. 3 cc. of 
saturated sulphurous acid solution arc added, the solution is heated to boiling, 
and the thorium is again precipitated with sodium pyrophosphate. The 
precipitate is washed and changed to sulphate and hydroxide in the manner 
just described. This second sulphate should always be perfectly white, and 
should dissolve entirely clear. The fitml hydroxide is free from rare earths, 
and aside from zirconium and titanium, which are precipitated ns pyrophos¬ 
phate, it should contain only a trace of iron as impurity. These three foreign 
elements will be separated from the thorium by the final precipitation of the 
latter as oxalate. The last hydroxide precipitate is dissolved in as little 
cone, hydrochloric acid as possible (never more than 10 cc.) and filtered free 
from paper. This chloride solution is now ready for the gravimetric deter¬ 
mination of thorium by precipitation ns oxalate. 

The Thipsulphate Method.^ 200 cc. of the sulphate solution prepared as 
described under Preparation of Sample, and representing 10 g. of monazite 
sand, are diluted to 1 liter, and |>ourcd into 1.50 cc. of a cold saturated solution 
of oxalic acid. The sulphate solution should be fed in very slowly, preferably 
from a separatory funnel, and vigorous stirring should be maintained to convert 
the gummy precipitate to the crystalline form. Oidy in this way is it possible 
to get the oxalate precipitate free from considerable amounts of phosphate. 
After standing not less than fifteen hours the precipitate is filtered, washed 
free from acid, and dried. 

The. filtrate and first washings are neutralized with ammonia, and hydso- 
ehloric acid is then added in an exeess of from 10 to 1.5 cc. This precipitates 
the remaining rare earths (and any thorium still in solution) as oxalo-phos- 
phates. This precipitate is also allowed to stand fifteen hours, and then it is 
filtered and washed with weak oxalic acid solution. This precipitate, after 
drying, is ignited in a porcelain dish, moistened with a little water, and dis¬ 
solved ty warming with cone, hydrochloric acid. The solution so obtained 
is filtered, largely diluted, and precipitated by the addition of a large excess 
of oxalic acid, warming to convert the precipitate to a crystalline form. After 
standing two or three hours, this oxalate precipitate is filtered, washed, and 
dried. 

The oxalate precipitates arc ignited together. If “ total rare-earth oxides ” 
are wanted, they may be weighed at this point. The oxides are transferred 
to OtjfiOfi-cc. beaker, moistened with a little water, and dissolved by warming 

• Thorium pyrophosphate adheres rather tenaciously to the glass, and this procedure 
eliminates the necessity for the tedious cleansing of the beaker after the first precipitation. 

' The details here given are essentially those in use in the laboratories of the Welsbach 
Co. Sec H. 8. Miner, loc. cit. 
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with 100 cc. of 6 normal hydrochloric acid. The solution is transferred to a 
1500-cc. beaker, diluted to about 700 cc., and ammonia is added until the 
precipitate formed just ceases to redLssolve, leaving the solution neutral or 
very slightly acid. Cone, hydrochloric acid is now added, a drop at a time, 
until the precipitate just dissolves, and then 6 to 8 drops more. 100 cc. of a 
boiling 30 per cent sodium thiosulphate solution are added to the boiling 
solution, and boiling is continued for 45 minutes. The precipitate is filtered 
on a 2i-inch Buchner funnel, and washed with hot water. It is well to fold 
the filter paper so as to cover the whole of the inside of the funnel. 

To the filtrate 10 cc. more of the thiosulphate solution are added, and it is 
boiled for half an hour longer. The small precipitate thus obtained is filtered, 
set temporarily aside and designated as “ Residue No. 1.” The filtrate is 
discarded. 

The paper containing the first large precipitate is put into the original 
1500-cc. beaker and boiled over a low flame with 75 cc. of 6 normal hydro¬ 
chloric acid. When the thorium precipitate has dissolved and the paper is 
pretty well disintegrated, usually about 5 minutes, without filtering off the 
filter paper and sulphur, the mixture is diluted to 700 cc., and neutralized 
with ammonia just as before, finally having an excess of 6 to 8 drops of cone, 
hydrochloric acid. It is then heated to boiling and 60 cc. of boiling 30 per 
cent sodium thiosulphate solution arc added. After boiling 30 minutes the 
precipitate is filtered on a Buchner funnel as before and washed. This 
filtrate is reserved. 

The paper and precipitate arc dropiied into the original beaker and all the 
operations described in the paragraph immediately preceding are repeated, 
the final filtrate, however, being tins time tliscarded. 

The palmer containing the thorium precipitate is boilerl with 40 cc. of 6 
normal hydrochloric acid. When the paper is well disintegrated, it is filtered 
off, well washed, and this residue is ilesignated as “ Residue No. 2.” The 
solution is temporarily set aside. 

Residues Nos. 1 and 2 are combined, ignited in a i>orcelain crucible, and 
fused with sodium pyrosulphate. The fusion is extracted with dil. hydro¬ 
chloric acid ami this solution is added to the reserved filtrate from the second 
thiosulphate precipitation. Ammonia is now added in excess, the precipitate 
is filtered, and dissolved in hydrochloric acid. This solution is diluted to 
300 cc. nearly neutralized with ammonia, leaving only a faint acidity, heated 
to boiling, and precipitated by the addition of 20 cc. of boiling 30 per cent 
sodium thiosulphate .solution. After boiling 20 minutes, the precipitate is 
filtered on a small Biichner funnel, washed, and dissolved in 50 cc. of 6 normal 
hydrochloric acid. Without filtering, the solution is diluted to 300 cc., almost 
neutralized with ammonia, and the thiosulphate precipitation is repeated. 
The last precipitate is dissolved by boiling in a mixture of 5 cc. of cone, hydro¬ 
chloric acid and 20 cc. of water, the stdphur is filtered off, and the chloride 
solution is combined with the solution obtained at the end of the preceding 
paragraph. 

This solution now contains all the thorium from the original sample and 
it is ready for the Gravimetric Determination of thorium by precipitation 
as oxalate. 
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GRAVIMETRIC DETERMINATION OF THORIUM 

Thorium is nearly always precipitated as oxalate and ignited to ThOj, 
in which form it is weighed. The solubility of thorium oxalate in very dilute 
mineral acids is slight, especially in the presence of excess oxalic acid. It is 
well, however, not to have over 2 cc. of cone, mineral acid per 100 cc. of solution. 
More strongly acid solutions may be partially neutralized with ammonium 
hydroxide. Thorium oxalate docs not filter readily if precipitated rapidly, 
or from a cold solution. The solution should bo boiling hot and dilute (200- 
500 cc.); and should be precipitated by adding very slowly a boiling-hot 
solution of oxalic acid, whieh has been saturated in the cold; or by stirring 
in the oxalic acid added in solid form. Both methods insure a slow rate of 
precipitation, but the first method seems to be the better. The precipitate is 
allowed to stand not less than 10 or 12 hours before filtration, and it is washed 
with water containing a few drops of hydrochloric acid. 

The thorium oxalate is ignited with the filter pap<*r in a porcelain or 
platinum crucible over the blast to cf)nstant weight. If a platinum crucible 
is used, the full heat of a Meeker burtu'r is sufficient. The ThOj finally weighed 
should be pure white in color. A yellow color shows cerium earths or iron 
and is an indication of faulty work. 



Sn. at.wt. 118.7; ap.gr. 6.56; m.p. 232°; b.p. 2275°; oxides SnO, and SnO. 

DETECTION 

Tin is separated, together with arsenic, antimony, gold and platinum, from the 
hydrogen sulphide precipitate of the metals of the second group, by the action of 
yellow ammonium sulphide. (Normal ammonium sulphide does not readily dis¬ 
solve the sulphides of tin.) If the ammonium sulphide solution is acidulated with 
hydrochloric acid and the acid solution reduced with iron, antimony, arsenic, 
platinum and gold are precipitated in the metallic fonn. The presence of tin, 
which is present as stannous chloride, is indicated by the reducing action of the 
solution on mercuric chloride, a white precipitate of HgCl or a gray precipitate 
of Hg being thrown down. 

Reduce the hydrochloric acid solution of the sample by means of a small piece 
of iron wire. Treat with an excess of cold potassium hydroxide. Filter if the 
solution is not clear. Add an ammoniacal solution of silver nitrate. (One part 
AgNOi : 10 parts NHiOII.) A brown precipitate of metallic silver indicates the 
presence of tin. Antimony, arsenic, platinum and gold arc precipitated by the 
iron, while all of the heavy metals remaining, except lead, tin, aluminum, chro¬ 
mium, and zinc, are removed by the treatment with pota.ssium hydrate. 

Welch and Weber* recommend the following method for detection of tin: 
Add 10 cc. concentrated hydrochloric a<-id to the superficially dried precipitated sul¬ 
phides from the ammonium sulphide sejjaration. Filter off arsenic which does not 
decompose. Dilute filtrate to 70 cc. volume. Saturate with H,S. Heat to expel 
excess HsS. Add 5 cc. of hydrogen peroxide and heat until precipitate is redi^ 
solved. Add 5 to 10 grams of oxalic acid and pass HsS into the hot solution. Anti¬ 
mony separates as a red sulphide, filter, filtrate contains the tin. Reduce 
with test lead and add mercuric chloride. White or grayish precipitate indicates 
presence of tin. 

ESTIMATION 

The estimation of tin is required in connection with the analysis of tiji ores, 
dross, ashes, dust, tin plate, alloys such ns solder, canned foods, and general 
analysis. 

Opening Up Tin Ores 

As the oxides of tin are not readily soluble in acids the tin can ^ most easily 
removed by assay. Ores, slags, dross, and ashes are first subjected to the assay 
process. The button obtained is then analyzed either volumetncally or gravi- 

Chapter contributed by Wilfred W. Scott and B. S. Clark. 

* Jour. Am. Chem. Soc., 38, .5, 1011, 1016. 
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metrically by one of the methods given below. Having the weight of the button 
and the per cent of tin in it, the per cent of tin in the sample as received can be 
calculated. 

There are two general processes of assaying, namely, the Cyamde Process and 
the Carbonate of Soda Process. 

The Cyanide Process 

The theory of this methcxl is that the oxides are reduced to the metal by the 
action of potassium cyanide, the reaction being represented as follows: 

SnO,+2KCN =Sn+2KCNO. 

Potassium cyanide reduces other metals also so that the button obtained is not 
pure. 

Procedure. Take 100 grams of the sample which has lieen dried and finely 
powdered. (For complete analysis the moisture should be determined in the 
usual way.) Mix thoroughly with four times its weight of powdered potassium 
cyanide. Place almut 1 in. of potassium cyanide in the bottom of a number H 
(height 6} irs., diameter 3i ins.) Uattersea clay crucible. Place the mixture 
of sample and cyanide on top of the cyanide in the crucible and cover with enough 
more cyanide to fill the crucible t > within 1 in. of the top. 

Place the crucible in the a^say furnace and heat slowly until it has been 
thoroughly warmed and the cyanide begins t.) melt. Then i:-.crease the heat 
gradually to a pure white, taking care that the cyanide does nut boil over.> 
Urasp the crucible with the tongs and tap it gently on the hearth to assist in 
settling the metal. Continue the heating until all of the organic matter has dis¬ 
appeared, adding more cyanide from time to time if necessary. Near the end of 
the process the molten moss becomes clear and transparent and finally pasty and 
translucent. When this last condition appears, remove the crucible from the 
furnace and allow it to cool slowly at the temperature of the room. 

When cool, break the crucible and slag away from the button. The appear¬ 
ance of the button and the slag immediately surrounding it indicates whether 
or not the process has been properly manipulated. The button itself should be 
firm and compact and the slag around it should be white or greenish in color. If 
the button is spongy or if the slag has a dirty black color, the assay should be 
discarded and a new determination made, using a fresh sample.* 

* Weight of Button ^per cent Metal in Sample. 

Weight of Metal X per cent Sn . c • c i 

- - -Too” —-™ Sample. 

Noth. This process sho\ild be carried on under a hood in a segregated room, and 
every precaution should be taken to avoid breathing the poisonous fumes of potassium 
oyaiiioe. 

t Lunge advises that the cyanide should not be allowed to boil. He uses a small 
sample (To grams). “Technical Methods of Chemical Analysis”!. Part 1, p. 266. 
It is our experience that satisfactory results are not obtained unless the extreme heat 
of the furnace is used. 

* See also Mellor, “ A Treatise on Chemical Analysis,” p. 270,1913. 
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The Sodium Carbonate Method 

The sample is fused with equal parts of sodium carbonate and sulphur.* The 
fusion is then dissolrod in water. The tin rocs into solution as a thiostannate of 
sodium. Iron and copper are then separated by the addition of sodium sulphite, 
leaving arsenic, antimony and tin in solution.* 

Other Methods of Opening Tin Ores 

Fusion with Sodium Hydrate. The sample of ore is fused with ten times 
its weight of sodium hydrate. The process is carried out in an iron crucible and 
then transferred to nickel. The fused mass is dissolved in water and the tin 
determined in the usual way.* 

Reduction by Means of Hydrogen. The ore may be reduced by strongly 
igniting in a porcelain tube in a current of hydrogen. The reduced metal is then 
dissolved in hydrochloric acid and the tin c.stimated by a standard method. 

Fusion with Sodium Peroxide. J. Darroch and C. Meiklejohn* opened ores, 
slags, etc., by fusing with sodium jieroxidn in a nicikel crucible. They dissolve the 
fused nuss in hot water and acidify with hydrochloric acid. The sample is then 
ready for the necessary separations. 


SEPARATIONS 

Tin is separated from iron, aluminum, chromium, etc., by the insolubility of 
its sulphide in dilute hydrochloris acid. Tin, together with antimony, arsenic, 
platinum and gold, is separated from lead, mercury, copi»cr, cadmium and bismuth, 
by the solubility of its sulphide in yellow ammonium sulphide. Antimony, 
arsenic, platinum and gold are precipitated as metals from a hydrochloric acid 
solution by the action of metallic iron, leaving tin in solution. 

A few special separations are of interest. 

Tin and Lead. Fur the analysis of an alloy of lead and tin, it is usually prefer¬ 
able to make the estimations on different samples. In this case, lead is estimated 
by Thompson’s method and the tin by Baker’s modification of the iodine method. 
Lead can also be separated from tin by the method given below for the separation 
of tin and copper. 

Tin and Copper. This alloy can be dissolved in concentrated hydrochloric 
acid by the addition of pota.ssium chlorate. A large excess of ammonium tar¬ 
trate is added and the solution made alkaline with ammonia. Copper is then 
precipitated as sulphide by the addition of hydrogen sulphide water until no more 
precipitate is formed. 

‘Very finely divided carbon is sometimes preferred. Air must not be allowed 
to enter the crucible. Else decomposition is not complete. Mellor, “ A Treatise on 
Chemical Analysis,” 1913, p 270. If carbon is used instead of sulphur the process 
becomes one of reduction to the metal and is carried out in the assay furnace. The 
details of operation are similar to the cyanide process. The metal separates as a button 
in the bottom of the crucible. The button Contains other metals with the tin and must 
be analyzed further for exact percentages. 

* Mellor objects to the method as being tedious and dirty. 

* Low, “ Technical Methods of Ore Anmysi^” 3d Ed., pp. 208-213, 1908. 

* Engmeering and Mining Journal, 81, 1177, 1906. 
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Tin and Antimony. Antimony is separated, in the metallic fom, from the 
hydrochloric acid solution of the alloy, by the action of metallic iron placed in the 
solution. The tin may be determined by the iodine method without the removal 
of the antimony. If the antimony is desired, it may be filtered off and deter¬ 
mined in the usual way. 

As in the case of lead, it is usually quicker and more accurate to make these 
determinations on separate samples. The fin can be determined by the iodine 
method. The antimony ran be determined volumetrically by various methods 
preferably the bromate. (See chapter on Antimony.) ’ 

Tin and Phosphorus. One-half gram of the alloy is dissolved in 15 cc. r f 
concentrated hydrochloric acid containing potas.sium chlorate. This is diluted 
to 200 cc. with water and warmed. It is then treated for a long time with 
hydrogen sulphide gas. The tin is all precipitated as sulphide while the phos¬ 
phorus remains in solution. 

Tin and Iron and Alu m i n u m . Tin is separated from iron and aluminum by 
precipitation, as sulphide, from the hydrochloric acid solution. 

Iron may al.so be seiiarated from tin with copfier, and lead by precipitation 
as sulphido fnnu tho alkaline ammonium tartrate solution. 

.. Tungstic Acid. Donath and Mullner' separate tin oxide from tung- 

Btic acid by mixing the sample with zinc dust and strongly igniting in a covered 
cnieible for fifteim muuite.s boiling with dilute hydrochloric acid; oxidizing with 
potassium chlorate to change the blue tungstic oxide to tungstic acid and diluting 
With water. It is then allowed to stand overnight and filtered. The tin is in 
solution. 


GRAVIMETRIC METHODS FOR THE DETERMINATION 

OF TIN 

Determination of Tin or the Oxides of Tin by Hydrolysis 

This inethod deiKiiuls uiam the preeipiution of meta-stannic acid in the 
presence of ammonium nitrate when the .stannic chloride is diluted to considerable 
volume and heated to boiling. It is especially applicable to the detennination 
of tin oxide m tin paste, but may be extended to all chloride solutions of the 
higher oxides. The n^iictkm involved proceeds as follows: 

SnCb-l-4NH,N0.4-:5II,0 


=II»SnO,-|-4Nri,CI-f 41INO,.« 


Stannous tin may be detennined by oxidizing the chloride solution to the 
stannic fonn. Tho method gives concordant results and is rapid. 

Procedure. For the analysis of tin paste take a catch weight of about 10 
grams for a sample. Dissolve this sample by heating it in a No. 6 beaker with 
300 cc. of concentrated hydrochloric acid. Transfer the acid solution to a 600-cc. 
volumetric flask and make up to the mark with dilute (1 : 1) hydrochloric acid 


• J. Chem. Soc. Absts., 64, 531, 1888. * 

•FreseniuB, “QuantitaUve Chemical Analysis,” 1, 406, 1903. Sodium sulphate 
may be used instead of ammonium nitrate. In that case the reaction is 


SnCU+ 4 Na.S 04 + 3 H, 0 »=H,Sn 0 ,+ 4 NaCl-t- 4 NBHS 04 . 
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Take 50 oo. (approximately 1 gram) for a working sample. (If the deter¬ 
mination is to be m^e on tin paste, the sample may be obtained directly by one 
of the methods described under Opening Tin Ores.) Dilute to 100 cc. with cold 
water. Nearly neutralize with strong ammonia and finish by adding drop by 
drop from a burette, dilute ammonia until a slight pennanent precipitate is formed. 
A large amount of anuuonia will tend to precipitate iron, if present, as a hydrate 
and to re-dissolve the meta-stannic acid.* Add 50 cc. of a saturated solution of 
ammonium nitrate. Dilute to 400 cc. with boiling water, stirring constantly. 
Bring the solution to an incipient boil, remove from the flame and allow the 
beaker to stand on the steam bath unul the precipitate has settled.* The solu¬ 
tion above the precipitate should be clear. Decant the supernatant liquor through 
a 12i cm. S. & S. 5iK) filter paper and wash the precipitate by decantation • six 
times, using 200 cc. of Ixjtling water and allowing the precipitate to settle thor¬ 
oughly at each washing. Transfer the precipitate to the filter, “ cop ” out the 
beaker and wash down with hot water in the usual way. After the precipitate 
has been allowed to drain, transfer to a porcelain or a silica crucible and dry 
carefully on an a.sbestos board over a Bunsen flame.* When dry, ignite at a low 
temperature until the filter paper has been consumed. Increase the heat and 
finally blast to constant weight. 

Weight SnO»X100X.7iv77 _ 

Weight of sample ' cent Sn. 

Determination of Tin as Sulphide 

The determination of tin as a sulphide involves many difficulties and should 
be avoided if possible. Better results can be obtained by the volumetric methods 
and in most cases without the necessity of preliminary separations of interfering 
metals. If tin must be separated as a sulphide, better results would be obtained 
if the precipitate were dissolved and the tin content determined by the iodine 
method. 

Having the hydrochloric acid .solution of tin after the interfering metals have 
been separated, to precipitate tin sulphide, neutralize with ammonia and then 
acidify with acetic acid. Pass hydrogen sulphide until the solution is saturated. 
Allow the precipitate to settle overnight. Pour the supernatant liquor off 
through a Gooch crucible and wash the precipitate six times by decantation, using 
a solution of ammonium nitrate • for wash water. Finally transfer to the crucible 
and wash free from chlorides. Dry the crucible in an oven at 100“ C. Heat slowly 
in a Bunsen flame until • all the sulphur has been expelled. Care should be.taken 
at this point to avoid fonning fumes of stannic sulphide by heating too rapidly. 

* Home practice is required to judge accurately the exact point when the necessary 
amount of ammonia has been added. The precipitate should appear white. 

* If the boiling continues more than a few seconds the precipitate will not settle 
properly. Time will be saved in this case if the sample is discarded and a new deter¬ 
mination commenced. 

* If meta-etannic acid is washed over onto the filter at this point, clogging will 
result and a great deal of time will be lost. 

* Spattering is likely to occur here, causihg loss. 

* Sulphide of tin separates as a slimy mass which tenaciously retains alkaline salts, 
especially in the absence of ammonium salts. Mellor," Treatise on Chemical Analysis,’’ 
p. 308, 1913. 

* Biohloride of tin, Acker process, page 425. 

42 
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Remove the lid oi the crucible, which should be kept in place during the Sist p 
of the heating, and raise the temperature gradually, finally finishing with t. 
blast. Aa sulphuric acid is usually present in some quantity, the crucible shou. 
be cooled and a small piece of ammonium carbonate should be placed in it. Repet 
the igm'tion to drive out the acid. Cool and weigh as Sn02.‘ 


BICHLORIDE OF TIN 

Bichloride of tin is of great importance in some of the industries, especiall: 
the textile. It is necessary to have exact analytical control of the processes i: 
which this compound is used in order to insure uniform results and to certify th 
efficiency and economy of the process. Several methods have been developed fo 
this purpose. The ones given below have had practical application and hav 
proven to be satisfactory. 

Stannic Acid Method.—Hot-water Precipitation. In the textile industr; 
where bichloride of tin is used, the efficiency of the process depends directly o: 
the neutrality of the tin li(iuor. If there is more than enough chlorine presen 
in the bichloride solution to exactly oxidize all the tin to the stannic form, thi 
excess is called “ free IICI.” If there is not enough chlorine present to do this 
the deficiency is spoken of as “ basic HCl.” The difficulty of determining th 
“ free ” or “ basic ” H(M is apparent when it is known that SnCU readily decom 
poses in water, liberating free acid. The following method has been develope 
especially for this purpose and hsis given good results. 

The important point in this analysis is to determine whether the liquor ha 
“ free ” HCl present or whether it is “ basic ” in nature. It has been found tha 
hot water precipitates tin from the SnCh solution as stannic hydroxide and at th 
same time liberates the chlorine os free IICI. 

SnCl4+4H,0 =Sn(OH),-f-4HCl.« 

The Sn(OH)4 separates in a colloidal precipitate which may be filtered off an 
the tin estimated as SnO>. The lil>erated acid may be determined in the filtrate 
and from this data the “ free ” or “ basic ” HCl can be calculated. 

Procedure. For accurate work about 20 grams of the liquor should be weigh© 
out in a tored weighing bottle, but fur works control, where time is an importan 
factor, it is sufficiently accurate to get the specific gravity of the liquor by mean 
of a hydrometer and take a measured quantity for a sample, calculating the weigh 
from these data. 

Transfer the sample to a 100-cc. volumetric flask. Make up to volume wit 
cold distilled water. Draw out of this solution 10 cc. (approximately 2 grams 
and place in a 150-cc. tall beaker. Fill the beaker nearly full with boiling he 
water, stirring continuously while the water is being poured in.‘ Place the beake 
on top of the steam bath and allow the precipitate to settle. Decant the liquo 

* This method is ^nerally used only when minute traces of tin are present, an 
then it is considered best to dissolve the sulphide in hydrochloric acid and make th 
j^final determination by the iodine method. (See analysis of Canned Foods for “ Salt 
of Tim” page SM.) 

' Holleman and Cooper, “ Text Book of Inorganic Chemistry,” 4th Bd., 1912. 

' If the solution is not stirred at this point, the precipitate will not settle ani 
trouble will be experienced during the filtering process. 
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through an 11 cm. 590 S. & S. filter • and wa-sh the precipitate six times by decanta¬ 
tion, using hot water. Now transfer the precipitate to the filter and continue 
the washing until 1 drop of the filtrate gives no test for chlorine. After moat of 
the water has drained out of the filter, place the pajwr and precipitate in a tared 
silica crucible. If there is plenty of time, dry the contents of the crucible on an 
asbestos board over a low Bunsen flame. In case the analysis must be made in 
a hurry, cover the crucible * and heat it very carefully over a low flame until all 
the water has been driven out and the paix>r has been charred. Then remove 
the cover and increase the heat to the full Bunsen flame and finally blast to con¬ 
stant weight. Weigh as SnO,. Titrate the filtrate with N/1 NaOlI, using methyl 
orange as the indicator. 

Calculation: 

SnOjX.7K77 =Sn 


SnX2.1!)45 -SnCl. 

SnCh-'Sii = Cl cquiv. to Sn 
ClX 1.02S2 =HC1 ciiuiv. to Sn 


_HCl 

Weight of sample 

cc. N/1 NaOllX.O.WO 
Weight of sani])le 


= ix;r cent IICI ctiiiiv. to Sn 


= p('r cent HCl (acfu.'il). 


The difference between thest; la.st two figures e()uul.s “ free ” or “ basic ” HCl. 

The Acker Process Method.’ The theory of this midhod is practically the 
same as that of the hot-water method, e.xcept that in this case the liberated acid 
is neutralized with ammonia before the stannic hydroxide has Ixsm filtered off, 
the advantage being that any solution of the stannic hydroxide, by either acid 
or alkali, is prevented. The method is not applicabh* for the detennination 
of “ free ” or “ basic ” IICI. 

Procedure. Weigh out 2."> cc. of thts bichloride of tin solution. Transfer 
to a .'iOO-cc. flask (volumetric) and make ui> to volume with cold water. With a 
standardized pipette, tran.sfcr 2.5 cc. of this solution to a No. 4 beaker. Dilute 
with hot water to precipitate most of the tin as stannic hydrate. Add 10 drops 
of phenolacetolin’ (1 gram of phenolacctolin dissolved in 2(X) cc. of water). Titrate 
very carefully with dilute anmionia until the appearance of a rose-red color. Boil 
a few minutes on the hot plate. Allow the tin precipitate to settle. Decant 
through an 11-cm. filter paiier (S. & S. .589, black ribbon brand). Wa^ rapidly 
with hot water without allowing the preci|>itate to cake down in the filter until 
the washings are free from chlorine. Dry the precipitate in an oven at 100® C. 
When dry, invert the filter into a tared porcelain crucible and heat on a gauze 
until the paper has disappeared. Remove the gauze and heat with the full 

> Time may be saved by using a platinum cone with the filter and applying a gentle 
vaemun. This can be done with very little danger of breaking the paper. 

’ lliis precaution must be taken, else there will be a loss by decrepitatioh. 

’Kindness of W. F. Dorflinger, chief chemist of Perry-Austin Manufacturing 
Company. 

’Luteol may be used as indicator, giving a yellow color at the end-point. It is 
slightly more delicate but much more expensive. 
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Bunsen flame for a few minutes. Finally blast to constant weight.* Weig^h as 
SnO|. 

Take the filtrate and washings and dilute them to a volume of 1000 cc. Warm 
500 cc. of this solution and saturate it with hydrogen sulphide. If any tin sepa¬ 
rates, filter and ignite in n tared porcelain crucible. Moisten with a little nitric 
acid and heat very slowly to drive out the acid. Ignite to constant weight. 
Weigh as SnOj. Add this result to the SnOj obtained above when calculating the 
final result. 

Determination of Tin in Bichloride of Tin as Sulphide 

This method is given as an alternative for the Acker Process Method and may 
, be used as a check on that process. Uniform and concordant results have been 
obtained by the use of the two methods.’ 

Procedure. Weigh out 25 cc. of bichloride and dilute to 500-cc. volume 
with cold distilled water. Take 25-cc. portions of this solution for analysis. 
Dilute the sample to 250 cc. Saturate with hydrogen sulphide. Warm the 
mixture on a hot plate at a temperature of about 65° C. until the precipitate is 
coagulated. Test the clear supernatant litiuor for unprecipitated tin by adding 
a little hydrogen sulphide water. Filter on an ashless filter and wash free from 
ehlorides. Make the filtrate and washings up to 1000 cc. volume for further 
determinations. Dry the tin sulphide precipitate on the filter in an oven at 
100° C. Remove the precipitate from the paper as completely as possible. Ignite 
the paper in a weighed porcelain crucible. Cool and add a few drops of nitric 
acid. Repeat the ignition, heating very carefully at first until the acid has nearly 
all been driven out. Now place the main tin precipitate in the crucible. Cover, 
heat gently for a few minutes, moisten with fuming nitric acid, ignite very care¬ 
fully for one-half hour and then blast for fifteen minutes. Weigh as SnOj.* 


VOLUMETRIC DETERMINATION OF TIN 

Volumetric methods for the determination of tin are based upon the reducing 
power of stannous compounds. They vary according to the oxidizing agent 
used and the details of manipulation. 

Lenssen’s Iodine Method as Modified by Baker.* This method is a modi¬ 
fication of liCnssen’s Iodine Method for the detennination of tin in alkaline solu¬ 
tions. It Ls especially applicable to the determination of “ salts of tin ” in canned 
foods and to the estimation of tin coating pn tin plate, but is accurate, rapid 
and ver^ satisfactory for alloys and general analysis. 

The method is based on the action of iodine in the presence of stannous chloride 
in hydrochloric acid solution. The reaction involved is: 

SnCl,-|-I,-l-2HCl =SnCl«-f 2HI. 

A. Jilek reduces tin by means of iron, filtering off precipitated Sb, Cu and excess 
of Fe, in an atmosphere of COi. The reduced tin solution is now titrated with standard 
iodine. 

If there has Ixjcn any reduction, a few drops of nitric acid may be added and the. 
ignition repeated, heating slowly at first to prevent loss by decrepitation. 
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Iron, lead and antimony do not interfere with the reaction. Copper in small 
quantities does not interfere with the determination, but if it is present in large 
quantities as a salt, it is likely to produce low results. Determinations made by 
the writer* show that results are accurate when less than 10% of copper, as copper 
chloride, is present. Larger amounts gave consistently low results. The reason 
for this fact centers around the difficulty of reducing all the copper to the cuprous 
form. If any CuCl» is left in the solution, it reacts with the potassium iodide 
of the iodine solution, causing the precipitation of Cul and the liberation of free 
iodine. 

CuCl,+2KI =CuI+2KCl+r. 

Copper present as the metal is not easily .iolublc or goes into solution in the 
reduced form and is not likely to disturb the determination.* 

Solutions—Standard Tin Solutioiv. Dissolve .5.79 grams of Kahlbaum’s 
C. P. tin in C. P. hydrochloric acid. The solution of the tin is effected by placing 
about 150 cc. HCl in an Erlenmeyer fla.sk, together with the tin, and boiling. 
After the tin has all been dis.solvcd, transfer to a volumetric liter flask and make 
up to the mark with dilute hydrochloric acid. 

1 cc.'=.00579 gram Sn. 

Standard Iodine Solution. Dissolve 12.7 grams of C. P. iodine in a water 
solution of 20 grams of isjtassium iodide. Make up to one liter and standardize 
against the standard tin solution. For tin plate analysis, it is convenient to 
adjust the iodine solution so that 1 cc. equals exactly .00579 gram of tin. Then, 
if a sample of the plate having a total surface of 8 sq.ins. is taken, 1 cc. of the 
iodine solution is the e<iuivalcnt of one-tenth of a pound per base box. 

Indicator. Dissolve 5 grams of pure soluble starch in 1 liter of water. 

Air-free Water. DLs.solve 12 grams of bicarbonate of soda in 1 liter of water. 
Add 20 cc. HCl and allow the resulting gas to escape. Keen in a stoppered bottle.’ 

Procedure. For practical purposes, take a sample, such that the tin content 
will l)c l)ct»'ecn .2 gram and .5 gram. A larger samidc should be taken for 
extreme accuracy in order to decrease the jmssible technical error. Place the 
sample in flask A of the Sellars apparatus. Fig. 68, together with 100 cc. of 
cone. C. P. HCl. Stopi)er the flask and coniua-t tubes li and D, as shown in 
the illustration. Boil until the metal is all dissolved. This point is indicated 
by the cessation of the hydrogen evolution and the appearance of large well- 
developed bubbles. If a sufficient amount of metallic iron is present in the 
sample, complete reduction is assured. Tf no iron was present in the sample, 
or if there was not enough to reduce! all of the tin, make sure that the tin is all 
converted to the stannous form by adding aluminum foil (about 1 gram). Replace 
the stopper and connect as originally. Boil until normal bubbles reappear. 
Open cock C to allow COi‘ gas to enter. Place the flask in cooling bath F with¬ 
out disconnecting the apparatus. After the solution has become thoroughly 

‘ Mr. B. 8. Clark. 

* Sulphates must not be present. They tend to have an oxidizing effect and spoil 
the results. 

’ There should always be an excess of bicarbonate of soda present in order that 
carbon dioxide will be generated during the washing process, thus preventing air 
from entering the flask at any time during the analysis. 

* Carbon dioxide generated in a Kipp apparatus is likely to contain oxygen. It 
is much better to use Squid COj such as can be purchased in the open market. 
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cool, disconnect tubes and Z)* from the splash bulbs. Wash the bulbs with 
“ air free ” water, allowing the washings to drain into the bulk of the sample. 
Remove the stopper and wash down the sides of the flask. About 60 cc. of water 
should be used in the washing so that the final sample contains about 25% HCl. 
Add 5 cc. starch solution and titrate with the standard iodine solution. 

cc. iodineX.OOSTOXlOO 

— . ,, ■ - --=pcr cent Sn, 

Weight of biunplc 

or 

cc. iod ine box.”* 

The Sellars Apparatus. This apparatus is a device designed by Mr. W. S, 
Sellars of this laboratory for the purpose of facilitating the solution of tin samples 
out of contact with air. Added to this advantage, it is eciuiiiped with a water 



Fio. 67.—Selliirs’ Apparatus. 


cooler. It is also constructed so that the tubes and scrubbing bottles can be 
cleaned by flushing with wati'r. The use of this apparatus practically eliminates 
the usual sources of error in connection with tlie iodine metliod, and at the same 
time greatly increases the speed of the determination. Fig. 67 shows th? 
apparatus in operation. 

A> 30W-CC. Erlcmneyer flask. 

Connection with reduced pressure line from licpiid carbon dioxide cylinder. 
CS Glass manifold. 

D} Exit connection to trap. 

ZJ.* Water trap to prevent escape of IICI fumes and to prevent air from backing 
into the flask. 

F.‘ Cooling tank. 

(7.* Ix)W-pro.ssure water wash-out manifold. 

Perforated feed pipe to water cooler. 

K.* Outlet for cooler. 

L} Electric hot plate. 

M.* Lead drain pipe. 

* See Fig. 68, page 5:15. 

• ‘‘ Basebox ”—112 sheets of tin, 14X20 ins. 
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Ferric Chloride Method.' This method depends upon the reduction of ferric 
chloride by stannous chloride in hot solution. 

SnCU+2FeCl, -SnCI,+2FeCl,. 



Fia. 68.—Sellaw’ Apparatus. 
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Antimony, copper, arsenic, bismuth, mercuric chloride, tungsten and titanium 
must be absent.* 

The Standard Solution of Ferric Chloride is made by dissolving pure iron 
wire in hydrochloric acid. To standardize this solution, dissolve 1 gram of pure 
tin in 200 cc. of C. P. HC’I, preventing air from coming in contact with the solu¬ 
tion by means of a trap, or by passing carbon dioxide over it.* Titrate this 
standard sample with the ferric chloride, solution. The end-point is indicated 
by the yellow color, due to a slight excess of the iron solution. 

Procedure. Tin is first separated from the interfering metals in the usual 
way. If lead, copper, arsenic, antimony or bismuth are present, the sample is first 
reduced, in the hydrochloric solution, with iron wire. The solution is then 
filtered. Lead and tin remain in the filtrate. Neutralize by adding strips of 
sine until the action ceases. Tin and lead are precipitated. The clear Uquid 
should show no trace of tin with hydrogen sulphide. Allow the precipitate to 
settle and wash by decantation, keeping the precipitated metals in the flask. 
Add 150 cc. of concentrated hydrochloric acid, keeping the contents of the flask 
protected from the air, and bring to a boil. When everything is dissolved, titrate 
to a yellow color with the ferric chloride solution.* This part of the analysis 
should bo done very quickly to prevent oxidation by the oxygen of the air. 

* Lunge, “ Technical Methods of Chemical Analysis,” 8, Part I, p. 267. 

•The Sellars apparatus can bo used with advantage for this purimse. 

* The end-point can be easily identified by looking at a blue Bunsen flame through 
the solution. When a small quantity of ferric chloride is present, the flame aptxsars 
green. Mellor, “ A Troati.se on Chemical Analysis,” p. fllO, 1913. 

* H. A. Baker, Eighth International Congress of Applied Chemistry. 
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VOLUMETRIC METHOD FOR TIN IN ALLOYS 

The titration of stannous solutions by iodine may be represented by the 
following reaction: 

8n0+2I+H,0=Sn0,+2HI. 

Sn is equivalent to O or to 2H, hence a normal solution contains one-half 
the molecular weight of Sn, or 59.35 grams per liter of solution. 

Apparatus. This consists of a 3(X)-cc. Erlennieyer flask, with a one-hole 
stopper, through which passes a quarter-inch glass tube, connected with a 
rubber tube 12 to 15 inches in length, the other end of tlie rubber tubing is 
connected with 2-3 inches of glass tubing, which dips in the beaker containing 
a bicarbonate of sodium solution. 

Reagents. O.IN iodine solution. Standardise against a sodium arsenito 
(arsenious acid) solution. 1 cc. O.IN 1 = 0.005935 g. of Sn. 

Starch solution. Sulphuric and hydrochloric acids. Antimony powder. 

Procedure. Decomposition of the Sample. Tin alloys generally decompose 
in hydrochloric acid, but more readily in strong, hot sulphuric acid. 

A factor weight 0.5935 gram of the tin alloy is placed in a 300-cc. Erlen- 
meycr flask and lO'ce. of strong sulphuric acid added. The mixture is heated, 
preferably over a free flame, until the alloy completely disintegrates. Nearly 
all of the excess of free acid is expelled, keeping the flask in motion over the 
flame to lessen the tendeticy towards bumping, which is apt to occur during 
the concentration. The moist residue is allowed to cool. 

100 cc. of (air-free) water are 
added followed by 50 cc. of strong 
hydrochloric acid and the mixture 
gently warmed until the solution 
begins to clear. The apparatus 
is now a.ssemblcd as shown in the 
figure, about 15 cc. of 10% (.sat¬ 
urated solution) .sodium bicar¬ 
bonate being placed in the test 
tube (or 50 oc. in the beaker, if 
this is preferred to a test tube). 

About 1 gram of very finely 
powdered antimony metal is 
placed in the flask, followed by 
10 cc. of saturated sodium bicar¬ 
bonate solution, the stopper being 
removed during the addition and 
then immediately replaced. The 
air is displaced by the COi gen¬ 
erated. 
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. I j__ hr,f nhifp or on an inverted sand-bath 

The apparatus is now placed on a hot plate, or Tht> 

dish over a Same, and the solution is gently boded for ,' 

antimony should be of such fineness as to remain suspended during tfie ebul¬ 
lition of the liquid at this stage. ,. . . . 

The test tube is now neariy filled with saturated sodium bicarbonate and 
the apparatus removed to a desk for a few minutes, and then placed in a cold 
water-bath of running water or under tap water, until the solution cools down 
to near room temperature. During this cooling carbonate will be sucked 
back into the flask “ A ” to establish pressure equilibrium, COi being generated 
in the flask. Sufficient solution will remain in the test tube to act as a seal 
and prevent admission of air, which would spoil results by its oxidation of 
the tin. 

The tube B and the test tube C are disconnected and 5 cc. of starch 
solution added by moans of a pipette passing through the hole in the stopper 
(which should be loosened in the throat of the flask). 

Standard iodine solution is now added, the tip of the burette passing through 
the hole of the stopiwr, agitating the solution by a “ swirling ” motion of 
the flask. The end-point is a blue color, which docs not fade on stirring 
the solution. 

If a factor weight has been taken, each cc. of the iodine of O.IN strength 
is equivalent to 1 per cent of tin. 


Notes. In the pi'eacnco of copper a separation must lie effected as over .1 per 
cent copper interfen's in this volumetric inclnod osjxicially when the pcre.entage of the 
tin is low. High copper alloys do not decoinjHise readily in hydrochloric or sulphuric 
acids, but easily in ailutc nitric acid. The solution obtained is evaporated to dryness, 
the residue is taken up with strong nitric acid, the oxide of tin (and antimony) lernains 
insoluble, hot water is added and the solution tilton^d (hot) and the oxide washed once 
or twice with hot water. The tin (and antimony) is now lx;st dissolv^ ' bv digesting 
for si-6 minutes with 50 cc. of water saturated with SOj (at 60-70° C.), then 10 cc. 
of strong HCl are added to the solution heated to Ixiiling and the SOi expelled by 
Imiling. The solution is now ready for reduction with antimony by the method out¬ 
lined above. 


Tin may be reduced by iron wire or nails, the precipitated Cu, Sb and the 
excess of Fe filtered off, under an atmosphere of CO 2 , and tin titrated with 
iodine. 

‘ Karnest Stolliiig, Ind. and Kiig. Chem., 16, 346 (April, 1924). 
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ESTIMATION OF TIN IN CANNED FOOD PRODUCTS* 

The tin in the canned food products is obtained ns a sulphide precipitate from 
wet combustion, with nitric and sulphuric acids, of 100 grams food product. 

The clear sulphuric acid residue is diluted, neutralized with ammonia and 
then rendered about 2% acid with hydrochloric acid, after which it is thoroughly 
saturated \yith hydrogen sulphide gas. This precipitate is then filtered on a 
Gooch crucible with a false bottom. The precipitate may contain foreign sub¬ 
stances, such as lime, phosphorus, and silica, some lead, or even small amounts of 
iron, but none of these will cause any trouble subsequently in the titration, so that 
the labor of sei)arating the tin completely from the precipitate is obviated. 

After washing the precipitate throe or four times in a Gooch crucible, it is 
transferred to a small porcelain di.sh by simply forcing out the false bottom of the 
Gooch crucible and its asbestos pad and rinsing off the cniciblc. 

The precipitate, mixed with asbestos, is now transferred to a 300-cc. Erlen- 
meyer flask and boiled with strong hydrochloric acid, potassium chlorate being 
added from time to time to insure the complete breaking up and solution of the 
tin sulphide, as W'cll as the elimination of the sulphur. This is accomplished in 
a very few minubjs. A tew strips of i)ure aluminum foil, free fn)m tin, are then 
added to the flask until all of the chlorine is eliminated. The flask is then attached 
to the Sellars apparatus and the detennination comifleted, according to the 
details given under the Iodine Method, using N /lOO iodine solution. 

Gravimetric Method.' The sample is first digeafe<l to a colorless or pale 
yellow solution as de.scril)e(l under Baker’s method. 

Add 200 cc. water to the digested solution and ix)ur into a 000-cc. l)eaker. 
Rinse out the Kjeldahl flask with three |iortions of Ixnling water so that the total 
volume of the solution is about 400 cc. Alkiw to cool and add 100 cc. concentrated 
ammonia. This amount of aminonin shoukl render the solution nearly neutral, 
unless more than 50 cc. sulphuric acid have lH>en used for digestion. The solution 
should be tested to see that it is still somewhat acid. In case of a large excess acid, 
add ammonia until just alkaline and then make about 2% acid with hydrochloric 
or sulphuric acid. Pass in a s'ow stream of hydrogen sulphide for an hour, having 
the covered beakers on an electric hot plate at alaiut 95° temperature. Allow to 
digest on th(? hot plate for an hour or two. 

Filter the tin sulphide on an 11-cm. filter. \Va.sh with three portions of 
wash solution alternated with thresj portions of hot water. The wash solution 
is made up of 100 cc. saturated ammonium ac(!tate, .50 cc. glacial acetic acid, and 
8.50 cc. water. The filter jjapers used in this method are C. S. & S. No. 590, white 
ribbon. ' • 

Place the filter and precipitate in a 50-cc. beaker and digest wdth three succes¬ 
sive portions of ammonium polysulphide, bringing to a Imil each time and filtering 
through a 9-'.:m. filter. Wash with hot water. Acidify with acetic acid, digest 
on the hot plate for an hour and filter through a double 11-cm. filter. Wash with 
two portions of wash solution alternated with hot water and dry thoroughly in a 
weighed porcelain crucible. Thorough drying is essential to the success of the 
determination. Ignite very gently at first and later at full heat of Bunsen flame. 
Finally heat strongly with large burner, or M6ker burner, having the crucible 
partly covered. Stannic sulphide mast be gently roasted to the oxide, but the 
oxide may be heated strongly without loss, due to volatilization. 

Weigh the stannic acid and convert to metallic tin by the factor .7877. 

' H. A. Baker, Eighth Intemational Congress of Applied Chemistry. 

• E. L. P. Treuthardt. Association of Official A^tcultural Chemists, August 16, 
1916. 
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DETECTION 

The powdered ore is fused with potaasium bisulphatc, KHSO*, until effer¬ 
vescence ceases. The cooled mass is dissolved in dilute sulphuric acid by 
boiling. Hydrogen peroxide, H>Oj, added to this titanium solution, produces 
a yellow to orange color, according to the amount of titanium present. Hydro¬ 
fluoric acid, or fluorides, destroys the color. Vanadium also produces this color 
with hydrogen peroxide, but the color is not destroyed by HF. The yellow 
color, according to Weller • is due to TiO, formed. 

Morphine produces a crimson color with solutions of titanium in sulphuric 
acid. 

Zfnc added to hydrochloric acid solutions of titanium produces a blue color,* 
tin a fine violet solution.* 

If sulphur dioxide, SO,, is passed into the solution of titanium to reduce the 
iron, and the slightly acid solution then boiled, yellowish white metatitanic 
acid, TiO(OH;j, is precipitated. 

Bead Test on Charcoal. A small portion of the powdered mineral heated 
on charcoal with microscosmic salt and tin produces a violet-colored bead if 
titanium is present. 

OCCURRENCE 

The element is widely distributed in minerals, soils, clays and titaniferous 
iron, FeTiO,. It is found in granite, gneiss, mica, slate, sycnitic rocks, granu¬ 
lar limestone, dolomite, quartz, feldspars and a large number of other minerals. 
The principal commercial minerals are; 

Ilmenite, FeTiO,, containing about 52.7% TiO,. 

Rutile, TiOj, containing 90 to 100% TiO,. 

Titanite, CaTiSiO,, containing 34 to 42% TiO,. 

Perovskite, CaTiO,, containing about 60% TiO, and 5 to 6% Yt,0,. 

* Titaniferous ores of variable titanic oxide content. 

APPLICATION 

Titanic oxide is now extensively used as a white pigment for paint. For 
this purpose the titanic oxide is usually precipitated upon or coalesced with 

* By Wilfred W. Scott and L. E. Barton. 

* Hunter, Eighth Int. Congress Applied Chem., 2, 125. 

* Burgess and Waltenburg, U. S. Bureau of Standards. 

* J. S. C. 1., 1882, 506-508. 

‘ liovillo, C. N., 4, 241. 

* Cahon and Wootton, “The Mineralogy of the Rarer Metals." 
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precipitated barium sulphate, making a produet containing about 25% titanic 
oxide. The white titanium pigments are characterized by their exceptional 
hiding power, excelling in this respect any other commercial white pigments. 

Another important application of titanium is the use of ferrotitunium in 
the iron and steel industry. The function of tiie titanium is to deoxidize the 
steel and consequently to yield a product free from blowholes and segregation 
of impurities. In a steel thus purified the natural strength and resistant 
properties of the material are developed in the highest degree. 

Titanium has also found application in the textile and leather industries. 
In the dyeing of leather, titanium potassium oxalate has been found particularly 
well adapted. The use of titanous chloride and titanous sulphate for bleaching 
or discharging colors is increasing. Such bleaching agents arc particularly 
applicable fur silk and wool, which are injured by the action of those blenching 
agents in which chlorine is the active element. 

Titanium compounds are also used for electric light filaments, arc carbons, 
ceramics, fine brown glazes, paint fur iron and steel, etc. 

ESTIMATION 

Preparation and Solution of the Sample 

A knowledge of the solubility of the clement and its oxides is of value in 
the solution of the sample. 

Element. This is feebly soluble in cold dilute hydrochloric or sulphuric 
acids; more readily so when the acids are heated. It is soluble in cold, con¬ 
centrated hydrochloric acid; readily soluble in hot, concentrated hydrochloric 
or sulphuric acids. It is scarcely acted upon by nitric acid, but readily dis¬ 
solves in hydrofluoric acid. It is soluble by fusion with the alkalies. 

Oxides. TijOj, which has a black or blue color, is soluble in concentrated 
hydrochloric or sulphuric acids; forming, in the latter case, a violet-colored 
solution.* The oxide is insoluble in water and in ammonium hydroxide. 

Ti()» is difficultly soluble in concentrated sulphuric acid, less soluble if 
strongly ignited. The metatitanic acid, TiO(OH)j, recpiires strong hydro¬ 
chloric or sulphuric acid to effect solution; the tirthotitanic acid, Ti(OH) 4 , 
however, is readily soluble in hot or cold, dilute or concentrated acids. From 
titanic solutions orthotitanic acid is precipitated by ammonia, the precipitation 
being assisted by warming. Boiling a slightly acid solution precipitates the 
metatitanic acid, TiO(OH)j. TiOj is soluble upon fusing with alkalies. TiOj 
is soluble in hydrofluoric acid, forming TiF<, which is volatile, unless an excess 
of sulphuric acid is present (distinction from silica). The ignited oxide is 
best dissolved by fusion with KHSO 4 and heating the fused moss with dilute 
sulphuric acid solution. 

Salts. Many titanic salts are decomposed in the presence of water, pre¬ 
cipitating titanic acid, the extent of the decomposition depending on the 
quantity of water used. Titanic sulphate is readily soluble in water and the 
solution is remarkably stable unless largely diluted with water. Some of the 
double salts are readily soluble and their solutions stable, i.e., potassium 
titanium oxalate. 

> Ebehnen, A. Ch. (3), 20, 392, 1847. 
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Solution of Steel. The sample may be dissolved in hydrochloric acid 
(1:2). If a residue remains, it is treated with a mixture of equal parts of 
hydrofluoric and sulphuric acids and a few drops of nitric acid, in a platinum 
dish, and the mixture evaporated to sulphuric anhydride funtcs and to complete 
expulsion of hydrofluoric acid. 'Phe colorimetric procedure is now' used for 
estimating titanium. For determination of titanium in hydrochloric acid solution 
see page 645. 

Note. Titanium in steel treated with ferro carbon-titanium exists in two condi¬ 
tions; (1) Titanium soluble in hydrochloric acid. (2) Titanium insoluble in hydro¬ 
chloric acid. Of the very small amount of titanium in treated steel the greater part 
will usually be found in the sccotid fonn. When (he amount of titanium in the steel 
is exceedingly small, the soluble titanium frequently exceeds the insoluble, and it is 
then occasionally desirable to determine also that existing in the second form. 

Alloys. These are dissolved in concentrated nitric acid, aqua regia or a 
mixture of the dilute acids. Should nitric acid be used, the excess is expelled 
by evaporation to dryness with hydrochloric acid. The metals of the hydrogim 
sulphide group are removed in an acid solution by precipitation with HiiS, and 
titanium detennined colorimetrically in the filtrate. 

Ores. One to 6 grams of the ore are treated with 10 to 50 cc. of a mixture 
of sulphuric and hydrofluoric acids (I to 5), a few drops lINOa added, and the 
solution evaporated to fumes to expel HF. If a residue remains upon taking 
up with water containing a little sulphuric acid, it is filtered off and fused with 
KHSO4 as directed under the fusion method. 

Fusion Method for Ores. The finely powdered sample is fused with four 
to five times its weight of potassium bisulphate, KHSO4, and the cooled fusion 
dissolved with dilute sulphuric or hydrochloric acid. In the presence of silica 
potassium fluoride is added to assist in the decomposition of the material. 

(See Analysis of Titaniferous Ores, page .551.) 

Titaniferous Slags. Onc-half gram of the finely ground sample is decomposed 
in a platinum dish by a mixture of 5 ce. water, 5 cc. concentrated sulphuric 
acid, 2 cc. nitric acid, and 10 cc. of hydrofluoric acid, the reagents being added 
in the order named. The solution is evaporated rapidly to SO 3 fumes to expel 
fluorides and the excess sulphuric acid until residue is left nearly dry. After 
cooling it is taken up with 40 cc. of dilute hydrochloric acid (1 ; 3), which will 
give a clear solution containing all the constituents of the slag except silica, which 
has been volatilised as SiF,. The solution is diluted to 200 cc. with cold water. 
Iron and titanium are precipitated by ammonia in slight excess and filtered 
at once without boiling. The precipitate is dissolved in cold dilute hydrochloric 
acid and reprecipitated with ammonia. Titanium is now separated from iron 
by reducing iron with SO, and precipitating titanium from a boiling acid solu¬ 
tion as described on page 542. 
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SEPARATIONS 

Details of the isolation of titanium are given in the methods for its esti¬ 
mation. 

Separation of Titanium from the Alkaline Earths, etc. The hydroxide is 
precipitated when a titanium solution containing ammonium chloride is treated 
with aimnonium sulphide, whereas barium, strontium, calcium and magnesium 
remain in solution. 1'itanium hydroxide may Imj precipitated by making the 
solution containing titanium slightly ammoniacal with HN4OH. 

Separation from Copoer, Zinc, Aluminum Iron, etc. Titanium is prt^- 
cipitated from a slightly acid solution ' by boiling, passing sulphur dioxide through 
the solution to keep the iron reduced and prevent its precipitation. 

Separation from the Bivalent Metals, Manganese, Nickel, Cobalt, Zinc. 
Titanium is precipitated along with aluminum and iron by hydrolysis of its 
acetate in a hot, dilute solution, whereas manganese, nickel, cobalt and zinc 
remain in solution. Details of the basic acetate method are given on ixige 298. 

Separation of Titanium from Alumintun. Small amounts of titanium 
from large amounts of aluminum. (One part Ti to 50 parts Al.) (^upferron, 
C»H,(N0)N-()XH4 added to a decidedly acid solution containing titanium and 
aluminum precipitates titanium, but not aluminum. The precipitate is washed 
by decantation and then on the filter with very dilute hydrochloric acid to remove 
traces of aluminum. The procedure affords a separation of titanium from 
chromium, nickel, cobalt, manganese, etc. t'opix^r and iron, Iwiwcvor, precip¬ 
itate with the titanium, if present in the solution. Th(! yellow titanium salt has 
the comiwsition (CJItfNOixO),!'!.’ 

Separation of Titanium from Iron. Set^ Gravimetric M(;thod for Deter¬ 
mination of Titanium, Modified Gooch Method, below. 

‘ .Acidity exactly 0.5% is Ijest according to Ixivy, C. N., 56, 200. 

* Analy.st, 36, .520, 1912, method of J. Bellucci and b. Gro-ssi. 
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GRAVIMETRIC METHODS 

Qravimetric Determination of Titanium. Modified Qooch Method * 

This method u applicable to minerals and metallurgical products that are 
comparatively high in titanium. The method provides for the separation of 
titanium from iron and from aluminum and phosphoric acid with which it com- 
njonly occurs. The procedure as proposed by F. A. Gooch and modified for 
non-aluminous rocks by Wm. M. Thornton has been found by the author* to 
give reliable results. The details of the method with a few slight changes found 
to be advantageous are given below. Iron is separated from titanium by precip¬ 
itation as a sulphide in presence of tartaric acid, the organic acid is destroyed 
by oxidation and titanium precipitated from a boiling acetic acid solution. In 
the presence of alumina and phosphoric acid the impure precipitate is fused 
with NajCOs and the impurities leached out with boiling water. In presence of 
zirconium, titanic acid is incompletely precipitated. Hillebrand’s modification 
for the removal of zirconium is given in the notes. 

Procedure. Preparation of the Sample. Ores High in Silica. These may 
be decomposed by taking to SO, fumes with a mixture of 10 to 15 cc. of 60% 
hydrofluoric acid, HP, and 3 to 4 cc. of concentrated sulphuric acid per gram 
of sample. 

Oxides. Decomposed by fusion with sodium or potassium bisulphate. The 
fusion is dissolved in 10% sulphuric acid, keeping the volume as small as possible. 
The sample should contain not over 0.2 gram titanium. 

Precipitation of Iron. To the solution containing titanium, tartaric acid, equal 
to three times the weight of the oxides to be held in solution, is added. This should 
not exceed 1 gram of the organic acid, as the subsequent removal of larger amounts 
would be troublesome. HjS is passed into the solution to reduce the iron and 
NH4OH added to slight alkalinity followed by a further treatment with H»S to 
completely precipitate FeS. The solution should be faintly alkaline (litmus) 
otherwise more aiiunonia should l)e added. After filtration and washing of the 
ferrous sulphide with very dilute and colorless anmionium sulphide, the titan- 
imn is entirely in the iron-free filtrate. 

Oxidation of Tartaric Acid. Since titanium cannot be precipitated by any 
reagent in the presence of tartaric acid,* the organic acid is oxidized by addition 
of 15 to 20 cc. of concentrated sulphuric acid to the sample placed in a 500-cc. 
Kjeldahl flask. The solution is evaporated to incipient charring of the tartaric 
acid. After cooling slightly, about 10 cc. of fuming nitric acid are added cau¬ 
tiously,rU few drops at a time, and when the violent reaction has subsided the 
flask is heated gradually (hixxl), a vigorous reaction taking place accompanied 
by much effervescence and foaming with evolution of copious brown fumes. 
The organic matter gradually disappears, the effervescence becomes steady and 
finally ceases and white fumes of SOi are given off. The solution is cooled and the 
pale yellow syrup poured into 100 cc. of cold water, the flask washed out, adding 
the rinsing to the main solution. If cloudy, the solution is filtered. 

. * F. A. Gooch, Proo. Am. Acad. Arts and Sci., Now Series, 12, 436. Wm. M. ■ 

Thornton, C. N., 107, 2781, 123, 1913. 

» W. W. Scott. 

* Cupferron precipitates titanium in presence of tartaric acid. 
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Precipitation. Ammonia is added unti! the solution is nearly neutral, a 
point where the solution is sjightly turbid, the precipitate dissolving upon vigor¬ 
ous stirring. If a trace of iron is suspected about 1 cc. of 10% ammonium 
bisulphate is added. Five cc. of glacial acetic acid followed by 15 grams of 
ammonium acetate or its c(|uivalent in solution is lulded and the volume of the 
solution made up to about 3.50 cc. The solution is brought rapidly to boiling 
and maintained in ebullition for about three minutes. The titanium will pre¬ 
cipitate in white flocculent and readily filterable condition. The precipitate 
is washed first with water containing acetic acid and finally with pure water. 
The filter and the precipitate are ignited cautiously over a low flame and finally 
blasted over a M4kcr blast for twenty minutes. The residue is weighed as 
TiO,. 

In the presence of large amounts of alumina and phosphoric acid, the residue 
above obtained is fused with sodium carlxmate in a platinum dish and the fusion 
leached by boiling with pure water. Alumina and phosphoric acid go into solu¬ 
tion 08 soluble sodium salts and titanium oxide remains insoluble in the residue. 

Ignited insoluble residue =TiOs. 

Note. Titanium may be sejyarated from aluminum by fusing the residue with 
potassium acid suljihate, Kll.SO,, and precijiitation of titanium, in an acid solution 
by cu])ferron. AlAb is in solution. 

Determination of Titanium in Ferro Carbon Titanium. 

Gravimetric Method ‘ 

Into a 6-in. porcelain evapomting dish, weigh 0.6 gram (facUir weight) of 
alloy. 

Dissolve in a mixture of 1.5 cc. of dilute sulphuric acid (one acid to one water), 
.5 cc. of nitric acid, and 10 cc. of hydrochloric acid. l')vaix)rtvt<! to fumes of sul¬ 
phuric anhydride. 

Cool and take up by boiling with 50 to 60 c(t. of water and 5 to 10 cc. hydro¬ 
chloric acid. Filter into a .50()-cc. beaker and wash the residue with hot water 
and dilute hydrochloric acid. 

In the filtrate precijiitate iron and titanium by ammonia in slight excess. 
Filter without boiling and wash precipitate twice on filter with hot water. 

Reject filtrate. Dissolve the precipitate in a very little dilute hydrochloric 
acid, washing the filter with hot water and collecting the solution and washings 
in the original beaker. 

Nearly neutralize the solution with ammonia or ammonium carbonate; dilute 
to 300 cc.; saturate with sulphur dioxide gas, and boil until titanic acid iS pre¬ 
cipitated and the solution smells faintly of sulphur dioxide. 

Filter and wash with hot water and dilute sulphurous acid. 

Dry, ignite, and weigh as titanic oxide. 

Since the factor weight of sample has been used, one milligram of titanic oxide 
is equal to 0.1% metallic titanium. 

' Methods of analysis used in the laboratories of the Titanium Alloy Manufacturing 
Company. 


43 



544 


TITANIUM 


VOLUMETRIC METHODS 

The Determination of Titanium by Reduction, Addition of Ferric 
Salt and Titration of Redu(^ Iron with Potassium Per« 
manganate' 

Principle. Titanic acid is reduced by means of zinc, an excess of ferric sul¬ 
phate is added and the ferrous salt, formed by reduction by titanous salt, is 
titrated with standard permanganate. The method is more accurate than 
direct titration of the titanous salt with permanganate. 

Reaction. Ti,(S()4),-t-Fe2(SO,), =2Ti(SO,)2-f«FeSO., 
or TiCU-f-FeCl, =TiCl,+FeCl,.‘ 


Preparation of the Sample 

Procedure. One to 2 grams of the ore is decomposed by hydrofluoric and 
sulphuric acids or by fusion with potassium bisulphate or a combination of the two 
according to the methods already described. Members of the HjS group, if 
present, may be removed by IlaS. If iron is present it may be determined by 
boiling off the HiS in the filtrate containing Fe, Ti, etc., and allowance made in 
the titration for titanium. If other interfering elements are present in this 
filtrate, titanic acid may be precipitated by boiling the slightly acid solution 
(sulphurous acid) according to directions given in the gravimetric method. 
The washed oxide is dissolved in strung IIjSO, and diluted as directed below. 

Reduction. The solution is washed into a 100-cc. flask and diluted with 
water so that it will contain 10% of sulphuric acid. This acid holds titanic acid in 
solution and at the same time is insufficient to oxidize the reduced titanium 
oxide. Sufficient zinc to cause complete reduction Is added and a rubber stopper 
carrying a Bunsen valve tul)e and a thistle tube with glass stop-cock is inserted 
in the neck of the flask. The evolved hydrogen expels the air and reduces the 
titanic oxide to the titanous form. Iron if present is also reduced. Gentle 
heat is applied until the excess of zinc dissolves. The solution is cooled and an 
excess of ferric sulphate added through the thistle tube, followed immediately 
by cold distilled water until the flask is filled to the neck. The contents of the 
flask is poured into a No. 6 beaker containing 150 to 200 cc. of cold distilled 
water and the ferrous iron, formed by the reducing action of titanous salt, is 
titrated with N/10 KMnO« solution. 

‘‘ One cc. N/10 KMnO, =0.00481 gram Ti, or 0.00801 gram TiOj. 

* H. D. Newton, A. J. Sc. (4), 2S, 130. A. F. Gooch, “ Methods in Chemical 

* T. k. Ball and G. McP. Smith, Jour. Am. Ghem. Soc., 36, 1838, 1914. 
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The Determination of Titanium by Reduction with Zinc and 
Titration with Permanganate * 

In a contribution from the U. S. Bureau of Standards, the authors have 
reported a study of this method, the results of which indicate that: 

The reduction of titanium in a Jones reductor proceetls rapidly and is 
quantitative, provided the reduced solution is caught under a 3-5-fold excess 
of ferric sulphate. 

The reduction is conveniently carried on in solutions containing 3-5% by 
volume of sulphuric acid and may be done at any temi)erature between 25° 
and 100°. 

The determination is carried out ns follows: 

Using a Jones reductor of 19 mm. internal diameter, with zinc column 
43 cm. in length, there is added in order 25-50 cc. dilute sulphuric acid, 
3 to 5% by volume; 150 cc. of the titanium .solution containing 3 to 5% 
by volume of sulphuric acid; 100 cc. more of acid and finally 100 cc. of water. 
The reduction is performed at a .spiied of about 100 cc. i)cr minute. 

The reduced solution is delivered through a tube from the reductor under 
and into a ferric sulphate solution containing about .02 g. of iron per cc. in 
8% by volume sulphuric acid. The ferric sulphate solution should be from 
3 to 5 times that theoretically required by the titanium. The reduced solution 
Ls titrated with tenth normal potassium permanganate. 

The original article suggests means for separating tin, arsenic, antimony, 
molybdenum, iron, chromium, vanadium, tungsten and uranium, which would 
interfere with determination of titanium by the method described. 

Volumetric Method by Reduction of Titanium and Titration 

with a Ferric Salt 

The following volumetric method recommended by the Titanium Alloy Mfg. 
Co., is e.ssentially that described by P. W. & 11 B. Shimer, Proceedings of 
Eighth Inteniational Congre.ss of Applied Chcmi.stry, the method hereafter 
described differing principally in the fonn of reductor and also in a few details 
of operation. 

ReagentSi Standard ferric ammonium sulphate solution. 

Dissolve 30 grama of ferric ammonium auliihate in 300 cc. water acidified 
with 10 cc. of sulphuric acid; add potassium |x!nnanganote drop by drop as 
long as the pink color dLsapiiears, to oxidize any ferrous to ferric iron; finally 
dilute the solution to 1 liter. • 

Standardize this solution in terms of iron. The iron value multiplied by 
1.4329 gives the value in titanic oxide (TiOs); and the iron value multiplied by 
0.8(5046 gives the value of the solution in terms of metallic titanium. 

Indicator. Saturated solution of potassium thiocyanate. 

Reductor. As a reductor a 500-cc. dispensing burette is used. The inter¬ 
nal dimensions of the burette are If by 22 ins. 

The reductor is charged with 1200 grams of 20-me8h amalgamated zinc, 
making a column about 12 ins. high and having' an interstice volume of about 
135 cc. This form of reductor is connveient, and when used as hereafter described 

' G. E. F. Lundell and H. B. Knowles, Jour. Amer. Chem. Soc., Vol. 46, No. 11, 
page 2620 (1923). 



644b 


titanium 


is Adap^d to maintaining hot solutions, which facilitates complete reduction 
of the titanium. __ • • • 

The redactor is connected to a liter dask for receiving the reduced titanium 
solution, throuf^h a t/iree-holc rubber stopper which carries also an inlet tube 
for carbon dioxide supply, and outlet tube for connecting with the suction pump. 

Procedure. Determination of Titanium in Ferro-Carbon Titanium. One- 
half gram of sample is dissolved in a (i-in. jK)rcelain evaporating dish in a mix¬ 
ture of 10 cc. water, 10 cc. sulphuric acid, 5 cc. of hydrochloric acid, 5 cc. of 
nitric acid. 

The solution is evaporated to fumes of sulphuric anhydride; taken up by 
boiling with 60 cc. water and 10 cc. of hydrochloric acid; filtered and washed with 
hot water and hydrochloric acid. 

The filtrate and washings should be about 100 cc. in volume. 

The reductor is prepared for use by first pas.sing through it a little hot 
dilute sulphuric acid followed by hot water, finally leaving sufficient hot water 
in the reductor to fill to the upper level of the zinc. 

The hot titanic solution prepared as described above is now introduced, 
about 100 cc. of water being drawn from the reductor into the original beaker 
to bring the solution to about the upjxir level of the zinc. The water thus 
removed will not contain any titanium if the operation has been conducted as 
de8crilH)d; but it serves as a safeguard and is also convenient to acidify this water 
with 10 cc. of sulphuric and reserve it on the hot plate to be used as an acid wash 
after the reduction of the sample solution. 

The titanium solution is allowed to remain in the reductor for ten minutes. 

While the solution is being reduced the receiving flask is connected to the 
reductor and the air completely displaced by carbon dioxide, conveniently drawn 
from a cylinder of the liquefied gas. 

When the riiduction is complete the receiving flask is connected with the 
suction pump, and while still continuing the flow of carbon dioxide the reduced 
solution is drawn out, followed by the reserved acid wash and then three or 
four lOfl-cc. vrashes with hot water. The displacement of the sample solu¬ 
tion and washing of the zinc is so regulated by means of the stop-cock that the 
reductor is always filled with solution or water to the upper level of the zinc. 

When the washing is complete, gradually release the suction to prevent air 
being drawn back into the receiving flask. 

Disconnect the flask, add 6 cc. of potassium thiocyanate solution as indicator 
and titrate immediately with standiud ferric anunonium sulphate solution, 
adding the solution rapidly until a brownish color is produced which will remain 
for at Ibast one minute. 

The method is also well adapted for determining titanium in other titanium 
products, suitable means being employed for bringing the titanium into sul¬ 
phuric acid solution. 

The brown color developed at the end point indicates that an excess of 
ferric ammonium sulphate has been added and the depth of color is roughly 
proportional to such excess. Ordinarily the excess ferric ammonium sulphate 
amounts to about .05 cc. whiph is deducted from the burette reading before 
'’Calculating the titanium, thus increasing the accuracy of the result. It is 
desirable for each operator to establish for himself, by running a few blanks, 
the proper amount to deduct from the burette reacUng as a correction. 
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Colorimetric DeteVmination of Titanium with Hydrogen Peroxide 

Preliminary Considerations. Hydrogen peroxide added to acid solutions 
of titanium produces a yellow to orange color, the depth of the color depending 
upon the amount of titanium present. Upon this fact the method is based. 
It is of especial value in deternuning small amounts of titanium, as it is possible 
to detect less than one part of the metal per hundred thousand parts of solu¬ 
tion. Color comparisons can best bo made on smnples containing 0.05 to 5 
milligrams of the element; larger amounts produce too deep a color for accurate 
comparison. 

The following interferences should be made note of, e.g., molybdenum, vana¬ 
dium and chromium also produce a color that would lead to error. Iron if 
present to the extent of 4% or over i)roducos a color that must bo allowed for; 
e.g., 0.1 gram FejOj in 100 cc. of solution is equivalent to about 0.2 gm. of TiOj 
oxidized by IljOa in 100 cc. of solution. Fluorides destroy the color, hence must 
be absent.' Phosphoric acid and alkali sulphates have a slight fading action,’ 
hence must bo allowed for by adding e(iuivalent amounts to the standard if 
they are present in the sample. The addition of an cxce-ss of sulphuric acid partly 
counteracts the action of phosphates or alkali sulphates.’ The color intensity 
is increased by increase of temjKjrature, hence the standard luid the sample 


DIRECTIONS FOR THE USE OF A DUBOSCO TYPE OF 
COLORIMETER 

The mirror is iuriiuii so that the two liulve^ of the fioUi apitetir to Im 
o(|UiUIy llhiminiiutl with the «-ui»a rloiin and rmpty. 'Fhe »ohilitnm me 
then pourod into the enpK. The oup conttdninfc the stmitiani Noliition ia 
then lowerotl to a definite ihirkneMS of the Mtandnrd Holution between the 
bottom of the cup an<l the enti til the plunKer. With thia nmveinenl the 
half of the field corn*HpondinK to the Htandard Hohition in wen to ilnrken, 
while the other half reinaiuA himinoutt utxi eolorletw. If the eup eon- 
UtinitiK the unkntiwn aolution is now niovefl in its turn, the two halves 
of the field are brouftbt to the .Himic intensity, nfter whieh th«‘ heinht at 
whieh the two ll.piid eolunins display this ^^lual absorptive power is 
rcml by means of this wale. The firoportion of colorinK nmtl4T in two 
Sfiliitions is inversely proportional to the he'ights of the two <’ohmins 
necessary to obtain the same intensity of illuniinntiuni thvm if th<‘ standard 
tnb<} is set at 10 mni.. and the solution under examination is tin- same 
intensity of color nt, 20 mm., the latter is just one-half the concentration 
of the Btandarri. This is usually expressed by the formula: 




Color of test solution -b Color of stand, sol. •“ Heiiiht of stmid. imjI. 

+ HciKht of sol. to be tested. 

If. therefore, the wale readmit i« 20 mm. for the atandard. anil 1.5 mm. 
for the aolution to be teated, the formula reada: 18-1 .S3. 

ff. lor example, the atnndani aolution cimlnina 4 ml. of eoloriiiK 
matter in ICO ml., the aolution under teat uill be found lo eonlain 
4 X 1.33 >• 0.32 ml. in tW ml. 



By courtesy of 
Arthur 11. Thomas Company. 
Philadelphia. Pa. 

Fio, —Colorimeter. 


t VV. F. Hillcbrand, J. A. C. S., 17. 718. 189.5. C. N., 72, 158. 1895. 
’ P. FalxT. Zeit. an. Chemie, 46, 277, 1907. 

’H. E. Merwin, J. S. (4), 28, 119, 1909. 
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examined should have the same temperature.* Since metatitanic acid produces 
no color with hydrogen peroxide, its formation must be prevented; the presence 
of 5% of free HjS 04 accomplishes this.* 

The procedure is very satisfactory for magnetic or other iron ores. It is 
fully as accurate as the best gravimetric method and very much more rapid. 

Solutions Required. Standard Titanium Solution. This may be prepared 
by precipitations of Ti 02 from KsTiFe according to the gravimetric procedure 
and purification by solution and rcprecipitation, the fluorine being first 
removed by taking the com|K)und to fumes with H 2 SO 4 and then hydrolyzing 
titanium with NH4OII. The washed precipitate is ignited over a Mdker flame 

for fifteen minutes, cooled in a 
desiccator and placed in tightly 
stoppered bottle, since TiOj is 
slightly hydroscopic. 

0..5 gram of TiOj is fused with 
al)oiit twenty times its weight of 
KIISO4 in a platinum dish, keej)- 
ing at fusinn heat until the oxide 
has dissolved. A high tcmi)era- 
ture is not advisable. The fusion 
is dissolved in sulphuric acid 
by g<!ntly heating. The solution 
wiishcd into a 500-cc. graduated 
flask is made up to volume with 
!>% H2SO4. One cc. contains 
().(X)1 gnun TiOj, or 0.0006 gram 
Ti. 

Hydrogen Peroxide. Thirty 
IM?r cent solution. If this is not 
available siKlium peroxide dis¬ 
solved in dilute sulphuric acid 
will do. 

Fio. 69.—Colorimeter. Apparatus. ('olorimeter—Fig. 

69. Also see Fig. 43, page 283. 

Preparation of the Sample. The solution of the sample having been 
obtained by one of the procedures given under Preparation and Solution of the 
Sample, the element may be determined according to the procedure given 
below. If interfering sulwtances are present, e.g., comi)aratively large amounts 
of iron,'•or if tungsten, vanadium or chromium are present it will be necessary 
to precipitate titanic acid by adding ammonium hydroxide to the boiling solu¬ 
tion as directed under the gravimetric determination of the element. The 
washed precipitate is dissolved in sulphuric acid. 

Procedure. The sulphuric acid solution of titanium should contain 5% of 
free sulphuric acid. It is poured from the beaker in which solution was effected 
into a lOO-cc. Nessler tube, 2 c(!. of hydrogen peroxide, 30% solution are added 
and the volume made up to 1(X) cc. with 5% sulphuric arid. The standard is 
prepared by pouring 40 or 30 cc. of 3% sulphuric acid int<* a second 100-cc. 
Ne^er tulra, adding 2 cc. of 30% hydnigen peroxide, HjOs, followed by sufficient 

* Hillebrand. 

» Dunnington, C. N., 64, 302; J. A C. S., 18, 210,1891. 
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standard titanium solution to exactly match the sample and the solution made 
up to 100 cc. with 5% sulphuric acid. The titanium solution is added from a 
burette, noting the exact volume required. From this the percentage of titanium 
in the sample can readily be calculated. If iron is present in the sample, an equiv¬ 
alent amount should bo added to the standard. If a colorimeter is us^, a 
standard should be prepared which b deeper in color than the sample examined. 
The standard is poured into the comparison cylinder and the two tubes compared. 
By raising or lowering the plunger (see illustration) the standard solution b 
forced in or drawn out of the comparison tube. When the colors match, the 
cc. in the comparison tube will indicate the amount of TiO> present in the sample. 
The solution may l)e mixed by stirring with a platinum spiral. 

Example. One-gram sample required M ce. of titanium standard solution, 
1 cc. of which contained O.OOl gram TiO,. Then the sample contains 

If the colorimeter has been used and 150 cc. of standard made by adding 
30 cc. of standard titanium solution and it is found that the column of liquor 
in the standard comparison tube stands at 85 cc., the calculation would be as 
follows; 150 cc. contains 30X0.001 gram TiO,, therefore 85 cc. are equivalent 

8.5x0 03 

to — - . . =0.017 gram TiO, per gram or 1.7%. 

150 

For the practical application of the colorimetric method in determining 
titanium in steel the following procedure is given. 

Note. Separation of Titanium frmn Iron, J. H. Walton, Jr.‘ separates titanium 
from iron by fusing the finely iKjwdcred substance with three or four times as much 
sodium peroxide, and extracts the fusion with water. 'I'he filtrate contains the sodium 
pertitanate whereas the iron oxide remains on the filter iiaiier. The filtrate is acidified 
with HjRO, until 5% of free acid is obtained and the color of this solution compared 
with a standard obtained by fusing a known weight of TiO, with NaiO, and extracting 
and treating with H,SO, as in case of the sample. 


Colorimetric Determination of Titanium in Steel Treated with 
Ferro-carbon Titanium* 

The titanium in steel treated with fcrro-carbon titanium exbts in two con¬ 
ditions: 

(1) Titanium imuluble in hydrochloric acid. 

(2) Titanium soluble in hydrochloric acid. 

Of the very small amount of titanium iii treated steel the greater jjart will 
usually be found in the first form, and ordinarily the determination of titanium 
in this form answers every, purpose of identifying and judging the quality of 
titanium-treated steel. 

When the amount of titanium in the steel b exceedingly small, the soluble 
titanium frequently exceeds the insoluble and it then b sometimes desirable to 
determine also that existing in the second form. 

‘ J. Am. Chem. Soc., 29, 481,1907. 

• »By L. E. Barton. Method of analysis recommended by the Titamum Alloy 
Manufacturing Company. 
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Reagents. Peroxide Solutloiu Dissolve 4 grams of sodium peroxide in 
125 cc. dilute sulphuric acid (1 of acid to 3 of water), and dilute to 600 cc. 

Concentrated Standard Titanium Solution. Stock Solution. One-fourth 
gram of a standard 20% carbonless ferro-titanium ‘ is dissolved in 30 cc, 
dilute sulphuric acid (1 acid to 3 water). When solution is complete it is 
oxidized by the least p<^ssible quantity of concentrated nitric acid, boiled for a 
few minutes, cooled and diluted to such a volume that 1 cc. will contain 0,0005 
gram of titanium. 

When using a 5-gram sample 1 cc. is therefore c<iual to 0.01% titanium. 

Dilute Standard Titanium Solution. This solution is made, just before 
making the determination, by diluting one volume of the concentrated standard 
titanium solution to ten volumes. 

One cc. of this solution contains 0.00005 gram of titanium and is equal to 
0.001% of titanium when using a 6-gram sample. 

Apparatus. Pipettes and Burettes. Tlie pipettes for 
measuring the concentrated standard solution and burette 
for delivering the dilute standard solution should be care¬ 
fully calibrated. 

Messier Jars, These should be graduated with 50-cc. 
mark. It is convenient to have a set of four. 

Colorimeter. The colorimeter or comparator consists 
of a rectangular block 2i by 4 by 7 ins. high—the height 
l)cing about J in. less than the height of Nessler jars— 
through which two chambers If ins. diameter and If ins. 
lietween centers arc bored lengthwise—the chambers being 
of such diaii'.oter as to just receive the jars. 

To one end of the block is fastened the base, which is 
i in. thick .and through which two J-in. holes arc bored 
concentric with the cham.ljers, thus forming a shoulder 
which supports the jars and also exclude light from the 
sides of the tubes. To prevent shiwiows and give better 
^'K^ting the holas in the base are Ixiveled outward at an 
angle of 45°. The oon.struction will !«: apparent by reference to Fig. 70. The 
interior of the chamber is painted dead black. 
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(a) For Determination of Titanium Insoluble in 
Hydrochloric Acid 


Procedure. Dissolve 5 grams of steel in 100 cc. of dilute hydrochloric acid 
(one of concentrated acid to two of water) by boiling gently. Wash off the 
cover and wash down the sides of the beaker with water and filter out the slight 
insoluble residue, washing with hot water and dilute hydrochloric acid until free 
from iron. For filtration it is advisable to use either a close-grained paper or 
double rapid-filtering pajjers such as S. & S. No. 589 white ribbon. 

Ignite the residue pent/y in a platinum crucible to bum off carbonaceous 
matter. Treat the residue in the crucible with a mixture of 3 cc. dilute sul¬ 
phuric acid (1 : 1), 2 or 3 cc. hydrofluoric acid, and a few drops of nitric acid. 


made 
N, Y. 


‘ Ferr^titanium suitable for the preparation of standard titanium solutions is 
^ and supplied by the Titanium Alloy Manuf " “ “ ' 


Manufacturing Company, Niagara Falls, 
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Heat and evaporate to fumes of sulpliuric anhydride to complete expulsion of 
hydrofluoric acid. 

Cool, add a few cc. of water and heat until the solution is perfectly clear. 
The ignited residue may also be rapidly and completely brought into solution 
by fusion with about 3 grains of potassium bisulphatc and dissolving the fusion 
in water and sulphuric acid. 

In either case wash the contents of the crucible into one of a pair of Nessler 
jars and dilute with cold water nearly to the .50-cc. mark, and in the other jar 
place an equal volume of distilled water. 

Place the jars in the colorimeter and observe if the sample solution is color¬ 
less. If the sample solution is colored slightly yellow by iron, the water in the 
standard tube should be brought to the same color by addition of a few drops 
of a ferric solution. For this purpose a solution of ferric ammonium sulphate, 
30 grams per liter, is very convenient. 

If the work up to this point has been carefully performed, the addition of 
ferric solution will usually be unnecessary; and if more than a few drops of ferric 
solution are required the analysis should be rejected and a new sample started. 
After adjusting the color—if necessary—bring the volume of solution in both 
jars to the 50-cc. mark. 

The volumes now being equal and the solutions practically colorless, add 
2 cc. of the peroxide solution to each. If the sample contains titanium even in 
minute quantity it will be indicated by the immediate development of a yellow 
color. 

Match the colors by running into the standard jar freshly prepared dilute 
standard titanium solution, keeping the volumes equal by adding an equal 
quantity of water to the sample, placing the jars in the colorimeter for compari¬ 
son of colors. 

As before stated, each cc. of the dilute standard solution is equal to 0.001% 
titanium when using a .5-gram sample. 

The determination may Ik) made in lc.ss than an hour and requires little 
attention. 


(b) For Determination of Titanium Soluble in 
Hydrochloric Acid 

For the determination of soluble titanium the filtrate from the insoluble 
titanium residue obtained as before described may conveniently be used. 

Dilute the solution in which the iron is already in the ferrous state to 180 cc. 
Add 10 cc. of alum solution made by dissolving 40 grams of crystallized alum 
in a liter of water. 

The aluminum here added Is subsequently precipitated as alumina with 
the titanium and serves to collect quickly the exceedingly small precipitate of 
titanium hydroxide and facilitate its separation from the solution by filtration. 

Heat the solution to about 90® C. and add ammonia or ammonium carbonate 
solution, stirring constantly until a slight permanent precipitate is produced. 
Add dilute hydrochloric acid (1 to 1) drop by drop from the wash bottle until 
the precipitate is just redissolved and the solution perfectly clear; then add 
1 cc. more of the dilute hydrochloric acid. 

Add 3 cc. of phenylhydrazine dissolved in 10 cc. hot water, which will pre¬ 
cipitate the titanium and aluminum. Stir thoroughly and filter immediately 
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on A 7-cm. filter paper in a Utichner funnel, using suction. Wash thoroughly 
with hot water. 

Calcine the precipitate genUy in a platinum crucible to destroy organic 
matter and dissolve the residue exactly as described under (a), except that 6 cc. 
of dilute sulphuric acid is used instead of H cc. 

The solution, which has a very light yellow, or greenish-yellow color, is trans¬ 
ferred to one of a pair of Nessler jars and diluted to the 50-cc. mark. About 40 
cc. of water are placi-d in the other jar and the color of the sample solution exactly 
matched by addition of ferric ammonium sulphate and copper sulphate solutions, 
which are conveniently delivered from burettes. 

For matching the original color of the solution nearly saturated solutions 
of ferric ammonium sulphate and copper sulphate are suitable. 

Only a few drops of such solutions arc retiuired, but it is frequently neces¬ 
sary to use both blue and yellow to match the greenish-yellow tone of the sample 
solution. 

The standard is finally diluted to the 50-cc. mark. The volumes now being 
equal and identical in color, add to each 2 cc. peroxide solution to develop the 
titanium color and finish the detenuinution as before described under (a). 

(c) For Determination of Total Titanium 

The total titanium is given by the sum of the insoluble and soluble titanium 
determined as under (a) and (5); but if desired may be determined in one 
operation. 

To detennine total titanium, dissolve as before in hydrochloric acid and 
without filtering proceed as directed under (6) for determination of soluble 
titanium. 

Determination of Titanium when Interfering Elements 

are Present 

If chromium, vanadium or molybdenum is present in the steel, fuse the 
residue insoluble in hydrochloric acid or the calcined phenylhydrazinc pre¬ 
cipitate containing the interfering clement with a mixture of sodium carbonate 
and a little sodium nitrate. 

Dissolve the fusion in water and filter. The residue on the filter wilt contain 
the titanium, free from interfering clement. Bring the residue into sulphuric 
acid solution by methods before descrilied and determine the titanium as usual. 

Colorimetric Determination of Titanium with Thymol ^ 

Principal and Preliminary Considerations. Titanium dioxide dissolved 
in sulphuric acid is colored red by addition of thymol, the depth of color being 
directly proportional to the amount of titanium present. The intensity of the 
color is claimed by Lenher and Crawford to be twenty-five times that produced 
by hydrogen peroxide with the same amount of titanium. 

•<* As in case of hydrogen peroxide, fluorides destroy the color, hence must be 
absent. Dilution with water has no effect until the concentration of sulphuric 
acid falls below 79.4 (e.g., sp.gr. 1.725). The color then fades in direct propor- 

' Victor I.«nher and W. G. Crawford, C. N., 107,162, March 28th, 1913. 
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tion to dilution. Warm solutions are lighter in color than cold solutions with the 
same amount of titanium, hence the standard and the sample compared must 
have the same temperature. The color fades on heating but returns on cooling. 
The temperature should be kept below 100® C. Chlorides, phosphates and tin 
seem to have no effect. Tungsten, WoO«, interferes, as it intensifies the color 
of the solution in direct proportion to the amount present; hence it must be 
removed or allowance made by adding an ctiuivalent amount to the standard 
or subtracting the equivalent blank. 

Special Reagents. Thymol Solution 1%. The thym(»l is dissolved in a 
little glacial acetic acid containing 10% ethyl alcohol, and this solution added 
to concentrated sulphuric acid. Addition of the thymol directly to the acid 
would produce a colored solution. The reagent should be kept protected from 
strong light, otherwise it will become colored. 

Apparatus. See Colorimetric Determination of Titanium with Hydrogen 
Peroxide, Pigs. 69, 70, also Fig. 43. 

Procedure. About 0.3 gram of the material is fused with pota.ssium acid 
sulphate, KHSO4, and the melt di.ssolved in concentrated sulphuric acid. Enough 
thymol reagent is added so that there is present at least 0.(K)6 gram thymol for 
every O.OOOl gram TiOj. Concentrated sulphuric acid is added to bring up the 
volume to .50 or 100 cc. in a Nessler tube exactly as in the case of the colorimetric 
deterirination of titanium with II 2 O 2 . The dejAh of color is compared with a 
standard solutiim of titanium dissolved in a concentrated sulphuric acid added 
to 6 ce. of thymol solution made up to a convenient volume with concentrated 
sulohuric acid. The procedure is the same as descril)ed in the HjOj method. 


THE ANALYSIS OF TITANIFEROUS ORES 1 

Determinatioa of Titanium 

Decompose the ore by fusion with ix)ta.ssium l)isulphate, dissolving the 
fusion in water, hydrochloric and sulpliuric acids. If an insoluble residue remains, 
filter it out. (.lalcine the residue, add a few drops of sulphuric acid and suf¬ 
ficient hydrofluoric arid to di.s.solve silica, cvajxiratc to fumes of sulphuric anhy¬ 
dride and then heat to redness. 

If a residue now remains, bring it into solution directly in acids or fuse with a 
little potassium bisulphate, etc., finally adding the solution to the main solution 
obtained as before described. 

If de.sired, the sample of ore can first l)e partially dissolved in hydrochloric 
and sulphuric acids, and the insoluble residue then fused with potassium bisul¬ 
phate or treated with sulphuric and hydrofluoric acids. 

Some ores may be completely decomposed by a mixture of nitric, hydro¬ 
fluoric and sulphuric acids, evaporating to fumes of sulphuric anhydride in a plati¬ 
num dish to free the solution from nitric and hydrofluoric acids. 

The complete decomposition of the sample having been accomplished, the 
titanium in the solution is determin3d by either the gravimetric or volumetric 
methods for Determination of Titanium in Ferro-Carbon Titanium. Pages 
542 and 547. 

' Method of Analysis used in the laboratories of The Titanium Alloy Manufacturing 
Company. 
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Detennination of Iron in Presence of Titanium 

The sample is decomposed as directed under the Determination of Titanium. 

The sulphuric acid solution, which should have a volume of 150 to 200 cc., 
is saturated with hydrogen sulphide gas to reduce the iron, and filtered to 
separate any precipitated sulphides and free sulphur. The filtrate is collected 
in a flask fitted with a rubber stopper through which pass two glass tubes, one 
reaching nearly to the bottom for conducting gas into the solution, the other 
a short exit tul)c. Unless the solution after filtration is still highly charged with 
hydrogen sulphide, more gas should l)e passed into the solution to reduce any 
iron that may have been oxidized by the atmosphere during filtration. The 
excess hydrogen sulphide is now expelled by boiling the solution while passing a 
current of carbon dioxide. 

When the exit gases cease to darken a piece of filter paper moistened with 
IbuH acetate solution, the flask is cooled while still passing the carbon dioxide. 
When the flask has partially cooled the carbon dioxide is shut off and the flask 
quickly cooled in running water and immediately titrated with standard per¬ 
manganate solution. 

Determination of Silica 

This determination is conveniently combined with the determination of iron 
the ore being ]>referably decomposed by fusion with potassium bLsulphate. 
The fusion is dissolved and evaporated with excess sulphuric acid to fumes of sul¬ 
phuric anhydride and the silica detennination finished as usual— weighing, vola¬ 
tilizing with hydrofluoric acid, etc. If the ore contains quartz or a silicate unde- 
composablo by treatment with potassium bisulphate and hydrofluoric acid, the 
residue filtered from the sulphuric acid solution should be fused with sodiunt 
carbonate and the silica then detennined as usual. 

Determination of Alumina 

After making determination or separation of titanium by gravimetric method 
use the filtrate for determination of alumina. 

Phenylhydrazine Method for Determination of Aluminum in Presence 

of Iron 

The iron and aluminum should be in hydrochloric or sulphuric acid solution. 
Nearly neutralize the solution with ammonium carbonate. Pass .sulphurous 
acid gas to complete reduction of the iron. Boil until the excess sulphurous acid 
is driven off and if titanic acid separates filter it out. 

After filtering out titanic acid again nearly neutralize with ammonium car¬ 
bonate, pass a little sulphurous acid gas and heat for a few minutes to reduce 
any iron that might have been oxidized during filtration. If titanium has not 
been detected the second treatment with sulphurous acid may be omitted. In 
.either case the solution still containing a little free sulphurous acid is nearly 
"Tieutralizcd with ammonium carbonate, diluted to 300 cc. and 3 cc. of phenol- 
hydrazine added. Stir thoroughly, let settle and filter out the alumina. If the 
precipitate is discolored by iron, dissolve in hydrochloric acid, and repeat the 
reduction, neutralization and precipitation by phenylhydrazine. Ignite and 
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weigh AWj+PiO». Since the alumina precipitate may be contaminated by 
phosphoric anhydride (PiO»), determine it by analysis and correct the alumina 
determination accordingly. 

Determination of Phosphorus 

Phosphoric acid may be separated from titanic acid by repeatedly fusing 
the^ore with alkali carbonate and extraction of alkali phosphate with water. 

The determinations of other constituents of the ore are conducted by the 
usual methods of ore analysis. 


ANALYSIS OF MIXED PIGMENTS CONTAINING 
TITANIC OXIDE 

Weigh one gram sample into a 400-cc. Pyrex glass beaker, add 10 grams 
sodium sulphate and 40 cc. concentrated sulphuric acid (03%). Heat on 
hot plate for one-half hour and then increase the heat, as by placing the beaker 
directly over the coils of an electric hot plate and boiling for about 10 minutes. 
The solution should acciuire a temperature of about 335° C. 

Cool, dilute the solution to 300 cc., boil 20 minutes, filter while hot and 
wash residue and precipitate with 5% sulphuric acid. On the filter will bo 
silica and undccomposcd silicates and all the lead and barium as sulphates. 
This residue and precipitates can be analyzed by well-known methods if 
desired. The filtrate will contain the titanium, iron, aluminum, zinc and 
calcium. 

To the filtrate while still hot add an excess of ammonia, filter and wash 
precipitate with hot water. Re-dissolve preci))itate in hydrochloric acid (1 to 
1) and again precipitate with ammonia. Filter and wash with hot water, 
combining filtrate with that from first separation. By this procedure the 
titanium, iron and aluminum will have been separated from the zinc and 
calcium. The use of an excess of ammonia as described would tend to carry 
a little aluminum into solution but in the presence of titanium and iron sub¬ 
stantially all the aluminum will be found in the precipitate. If desired, the 
filtrate can be tested fur presence of aluminum and then used fur determination 
of calcium and zinc. 

The precipitate of titanium, iron and aluminum hydroxide b again re¬ 
dissolved in dilute hydrochloric acid and the titanium separated and determined 
as before described and with all precautions given under the head of “Gravi¬ 
metric Method for the Determination of Titanic Oxide.’’ 

The filtrate after separation of the titanium can be used for determination 
of iron and aluminum if desired. 

In case it is not desired to determine iron and aluminum separately, the 
hydroxides obtained after second separation by ammonia can be calcined and 
weighed os total oxides of titanium, iron and aluminum. The titanium can 
be determined by the volumetric method before given and deducted from 
total oxides thus giving the iron and aluminum together by difference. 
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TUNGSTEN 

W., at.wt. 184.0; sp.gr. 18,77; m.p. .1000° C.; oxides, WO, {brown)-, WO, 
(yellow ); acids, HjWO,, ortho tungstic; HjWiOu, meta tungstic 

DETECTION 

Minerals. The finely powdered material is decomposed by treating with mixed 
acids according to the procedure given on page .'ifiO. Tungsten is precipitated with 
cinchonine, the precipitate filtered off and dissolved in ainmoniuin hydroxide, then 
acidified with hydrochkmc acid and rcprecipitatcd with cinchonine as described. 

Tungsten oxide may he confirmed as follows: 

1. The residue is suspended in dilute hydrochloric acid and a piece of zinc, 
aluminum, or tin placed in the solution. In the presence of tungsten a blue- 
colored solution or precipitate is scon, the color disappearing upon dilution with 
water. 

2. A portion of the precipitate is warmed with ammonium hydroxide and the 
extracts absorbed with strips of filter paper. 

(o) A strip of this treated ])a|)er is moistened with dilute hydrochloric acid 
and wanned. In the prescuco of tungstic acid a yellow coloration is produced. 

(6) A second strip of paper is moistened with a solution of stannous chloride. 
A blue color is produced in the presence of tungsten. 

(c) A third strip dip|)ed into cold oininonium sulphide remains unchanged 
until farmed, when the pajwr turns green or blue if tungsten is present. 

Iron, Steel arul Alloys, These decomposed with strung hydrochloric acid 
followed by nitric acid as directed under Solution of the Sample leave a yellow 
residue in the presence of tungsten. If this residue is digested with wann ammo¬ 
nium hydroxide and the extract evaporated to dryness a yellow compound, WO,, 
will remain if tungsten is present. This oxide may be reduced in the reducing 
flame to the blue-colored oxide. 

* Columbium is also known as Niobium. 

Chapter by Wilfred W. Scott, A. M. Smoot and J. A. Holladay. 
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ESTIMATION 

Tungsten occurs principally as wolfram, a tungstate of iron and manganese 
(FeW0<-Mn04), ns scheelite, a tungstate of calcium (CaW 04 ), as ferlierite, Fe- 
OWOa and hubernite, MnO-WOa. Tlie best concentrate of hand-picked material 
contains 70 to 74% tungsten in terms of its oxide, WOj. 

The element is met with in alloys—^ferro-tungsten,* silico-tungsten, tungsten 
steels containing as much as 10 to 20% of the metal, used for making high-speed, 
self-hardening cutting tools; tungsten jwwdcr; ‘ alkali tungstates for mordanting 
purposes; tungstic oxide, WO,; tungsten electric light filaments, etc. 


Solution of the Sample 


For solution of the sample the following facts should be kept in mind 

regarding solubilities. . . , , i 

The metal is practically insoluble in IK'l and in HjSO,. It is slowly attacked 
by HNO,, aqua regia and- by alkalies. It is readily soluble in a mixture of HNOj 
andHF (=WF.orWOF4). , , • 

Oxides. WOj is soluble in hot IICI and in hot H2S()4 (=red sol.), also m 
KOH (red sol) The oxide WOj is scarcely .soluble in acids, but is readily soluble 
in KOH, KsCO,, NH4OH, (NH,),COa, (NH,),Sz. Both the acid and the alkali 

solutions deposit the blue oxide on standing. , • • j fru 

Acids. Ortho tungstates. A few are soluble in water and in acute, me 
alkali salts only slightly soluble. The meta 

Tungstates are precipitated from alkali salts by dilute IltSO,, IH-l, llAUj, llsr'->4 
(aqua) as yellow W0,.H,0 or white W0,.2H,O. Meta tungstates are not pre¬ 
cipitated by cold acids, but are precipitated by boiling and by long standing. 

Solution of Minerals. The material is test decomposed by acid treatment as 
described on page 560. Use of a fusion os a means of dcci.mposition of tungsten 
ores preliminary to either the qualitative detection or the ciuaiititatiye determina¬ 
tion of tungsten cannot be recommended. The iirecipitation of tungsten by telling 
with acids in presence of considerable amounts of nlkah suits (such as result from 
acidification of a fusion) is absolutely worthless inasmuch as large amounts of 
tungsten always remain in solution. Repeated evapi.rations do not improve mat¬ 
ters. In fact, when the amount of tungsten present is small, and especially if the 
ore contains much phosphorus, there is small likelihood that any of the tungsten 
will be precipitated. The use of cinchonine is ncces.sary in order completely to 
precipitate tungsten under these conditions. 


1 TYPICAL 

Tungsten Powder 

% , 

W, 97 to 98.7 

Fe, .5 to .6 + 

C, .ito. 34 - 

8i, .3 to .7-1- 

Mn, 0 to .2 



Al, .2 to .5 


V^U| — — 

Mg, 0 to .3-h 


ANALY.SK.S 


Ferro Tungsten 

% 

71 to 85.5 
14 to 24.5 
.4 to 2.6 
Ito .4 
.08 to 9+ 
.008 to .02 
.01 to .02 
.001 to .07 
0 to .008 
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SEPARATIONS 

Separation of Tungsten from Silica. The oxide of tungsten, as ordinarily 
obtained, is frequently contaminated with silica. The removal of silica is accom¬ 
plished by heating the mixture in a platinum dish with sulphuric and hydrofluoric 
acids and volatilizing the silica. After taking to dryness and igniting gently, 
the last traces of sulphuric acid are expelled by adding ammonium carbonate 
and again igniting. 

In presence of small amounts of silica (0.1 to 0.2%) and large amounts of 
tungsten (75 to 85%) J. Holladay recommends evaporation with sulphuric and 
phosphoric acids, hltration to remove the bulk of the tungsten, and subsequent 
ignition and voltailization with sulphuric and hydrofluoric acids. 

Separatioa from Tin. The weighed residue is mixed with six to eight times 
its weight of ammoriium chloride (free from non-volatile residue) in a platinum 
crucible, placed in a larger crucible, both vessels beuig covered. Heat is applied 
until no more vaimrs of ammonium chloride arc evolved. Additioiuil ammonium 
chloride is added and the treatment is repeated three times. The fourth treat¬ 
ment is followed by weighing of the residue and the treatment repeated once 
more. If no further loss of weight takes place it is assumed that all the stannic 
oxide has been driven off. The inner crucible is now placed directly over the 
flame and heated to dull redness for a few minutes and the oxide, WOa, weighed. 

Separation of Tungsten from Tin and Antimony. Talbot’s Process.^ The 
mixed oxides are fused with twelve times their weight of potassium cyanide in 
a porcelain crucible. Tin and antimony are thrown out as metals and the soluble 
alkali tungstate formed. This is leached out with water and the aqueous extract 
boiled (hood) with an excess of nitric acid to drive off the cyanogen compounds. 
The tungstate is then precipitated by the usual methods. If phosphorus is 
present in the sample it will be found in the solution with tungsten and ite removal 
will be necessary. 

Separation of Tungsten from Arsenic and Phosphorus. Both arsenic and 
phosphorus may be precipitated by cold magnesia mixture in an ammoniacal 
solution, tungsten remaining in solution. The separation of arsenic is difficult, 
as it is tenaciously retained by tungsten as a complex salt. The following process 
is outlined by Kehrmann.* 

One to 2 grams of the sample are fused with twice as much sodium hydroxide 
as is required to combine with the arsenic oxide, the resulting cake is dissolved in 
a little water and boiled in an Erlenmeyer flask for half an hour. After cooling, 
throe times as much ammonium chloride as is needed to form chlorides with the 
alkalies present is added, and then ammonium hydroxide equal to one-fourth the 
volume of the solution under investigation, follow^ by sufficient magnesia mixture, 
added cold, drop by drop with constant stirring. After settling several hours, 
the solution is filtered and the residue washed with a weak solution of ammonia 
and ammonium nitrate. It is advisable to dissolve the residue in dilute acid and 
repeat the precipitation several times. The filtrates containing the tungsten arc 
combined and concentrated by evaporation if necessary. 

^ »J. A. Talbot, J. Soi. (2), 60, 244, 1870. 

»F. Kehrmann, Ber., 20, 1813, 1887. 
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Separation of Tungsten from Molybdenum, Hommel’s Process. The moist 
oxides of tungsten and molybdenum are digested with concentrated sulphuric 
acid and a few drops of dilute nitric acid, in a porcelain dish over a free flame for 
about half an hour. About three times its volume of water is added to the 
cooled solution, the residue, WOj, filtered off and washed with dilute sulphuric 
acid (1 : 20) followed by three washings with alcohol. The residue is ignited 
separately from the paper and weighed with the ash of paper ns WOj. 

Molybdenum is in the filtrate and may b3 precipitated in a pressure flask 
with HjS. 

Volatilization of Molybdenum with Dry Hydrochloric Acid Gas. Pochard’s 
Process.' The procedure depends upon the fact that molybdenum oxide heated 
in a current of dry hydrochloric acid gas at 250 to 270° C. is sublimed, whereas 
tungsten is not affected. 

The oxides of the two elements, or their sodium salts, are placed in a porcelain 
boat and heated in a hard glass tube, one end of which is bent vertically down¬ 
ward and connected with a Pdligot tube containing a little water.' A current 
of dry hydrochloric acid gas is conducted over the material, heated to 250 to 
270° C. Froin time to time the sublimate of molybdenum (Mo 03 - 2 HCl) is driven 
towards the F61igot tube by careful heating with a free flame. This enables the 
analyst to observe whether any more sublimate is driven out of the sanrple and to 
ascertain when the tungsten is freed of molybdenum. From one and a half to 
two hours are generally sufficient to accomplish the separation. If sodium salt is 
present it is leached out of the residue, and this is then ignited to WO». Molyb¬ 
denum may be determined in the sublimate. 

Separation from Vanadium.’ Tungstic and vanadic acids are precip¬ 
itated with HgNO, and HgO, the moist precipitate dissolved in HCl and the 
solution largely diluted; WO, is precipitated free from vanadium. 

Separation from Titanium.’ The material is heated with K,CO, and KNO,, 
tungsten is dissolved out with water and precipitated as mercurous tungstate. 

Separation of Tungsten from Iron. The procedure is given under Solu¬ 
tion of the Sample, of Steel and Alloys. The impure oxide WO, is fused with 
Na,CO, and the melt e.xtracted with water. Fe(OH), remains on the filter. 
The filtrate is evaporated to dryness with HNO, and the residue extraeted with 
water. The insoluble WO, is washed with dilute NTLNO, solution, then dis¬ 
solved in NILOII and tungsten determined in the solution. 

Separation of Tungsten from Uranium.’ The sample is evaporated with 
nitric acid to near dryness, 5 cc. HNO, is added and the uranium is dissolved 
out by extraction with ether. 

‘ E. Pechard, Comp. Rend., 114, 173, 1891. 

’ Friedhcim. C. N., 61, 220. 

‘ Defacqz, C. N., 74, 293. 

’ C. A. PierM, Jour. Ind. Eng. Chem., 12, 61-63, 1920. 
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QRAVIMETRIC PROCEDURES FOR DETERMINING 
TUNGSTEN 

Since there is no highly commendable volumetric procedure for determining 
tungsten, the gravimetric methods are preferred. 

The element is determined as tungstic oxide, WOj. It may be isolated pre¬ 
ferably by precipitation with cinchonine, or in the form of tungstic acid, ammonium 
tungstate, or as mercurous tungstate, in the usual course of analysis, all of which 
forms may be readily changed by ignition to the relatively non-volatile oxide, WOi. 

Gravimetric Determination of Tungsten in Steel and Alloys 

Tungsten alloys may be decomposed by hydrochloric (or sulphuric) and 
nitric acids. Tungsten precipitates, carrying down chromium and a little iron. 
The bulk of the iron is filtered off and tungsten determined in the residue, by 
direct or difference methods. 

Special Rea gent. Cinchonine Solution. 100 grams of the alkaloid dis¬ 
solved in dilute (1 : 3) HCl and made to 1000 cc. with the dilute acid. Wash 
Solution. 30 cc. of the above solution, with 30 cc. strong HCl diluted to 1000 cc. 

Procedure 

1. Decomposition of the Sample. Two grams of high tungsten alloys or 
6 grams of alloys low in tungsten are dissolved in a 350-cc. beaker by addition 
of 20 cc. strong HCl, the beaker being placed over an asbestos mat on a hot 
plate or steam bath. (The temperature should be below the boiling point of 
HCl, since the acid should remain strong to effect decomposition.) Since the 
reaction is energetic the beaker is covered by a watch glass. Ten cc. of strong 
nitric acid are added, pouring small portions at a time through the lip of the 
beaker. The sample is digested until all the black particles have dissolved 
and only the fine greenish yellow tungstic oxide is evident. Agitation of the 
liquor to prevent caking assists the reaction. 

2. When the sample is decomposed, the beaker is uncovered and the solu¬ 
tion evaporated rapidly to about 20 cc. and then cautiously at low heat to about 
6-10 cc. 5 cc. of HCl arc added to the moist residue and the solution diluted 
to about 50 cc. and heated to boiling 2-3 cc. of cinchonine reagent are added. 
Avoid taking to dryness and baking as this will make the tungsten difficult to 
dissolve in NH 4 OH. See step 4. 

3. The mixture is filtered and the ferric chloride washed out from the tung¬ 
stic Residue with dilute HCl (1 : 10), i.e., until the wash solution passes through 
the filter colorless. The filtrate is tested for tungsten by addition of more 
cinchonine. (See step 7.) As small amounts of tungsten come down slowly 
at least an hour should be given for the test. 

4. A clean beaker is placed under the filter and tungsten dissolved out from 
the impure residue by treating this with warm ammonia water (1 : 5), the filter 
being half filled with each washing and thoroughly drained. It is advisable to 
rinse out the beaker in which the decomposition was made, with warm ammonia 
solution and pour this on the filter. After five washings the filter is cautiously 
removed and spread out on a watch glass. The residue is washed into a beaker 
with a stream of ammonia water and digested with about 20-30 cc. of ammonia 
for about 5 minutes warming to near boiling. The solution is poured through a 
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fresh filter into the main extract, the filter is drained and then washed twice 
more with warm ammonia solution (1 : 5). All the tungsten should now be 
in the filtrate. If much residue remains as in case of high silica samples, 
tungsten is apt to be present. This is recovered by acid sulphate fusion. 
See Notes. 

6 . The filtrate is boiled to expel the ammonia. When the odor has become 
faint, HCl is added until the solution is just acid and about 3 cc. excess is 
added. The total volume will be 75-100 cc., after boiling. Acidification may 
cause some tungsten to precipitate, but tliLs does no harm. The ammonia is 
generally expelled by boiling the filtrate down to half its original volume. 

6 . 10 cc. of cinchonine reagent arc addeil to the hot solution and the mix¬ 
ture stirred and allowed to settle until cold. If the supernatant solution is 
cloudy stirring up the precipitate and allowing it to settle will clear the solution. 
It is well to test the clear liquor with a few drops more of the reagent to ascer¬ 
tain whether all of the tungsten has precipitated. 

7. The solution is filtered and the tungsten residue washed three or four 
times with dilute cinchonine reagent (washing down from the rim of the filter), 
and once with 5-10 cc. of water. 

Note. The filtrate from step 3 may contain some tungsten. If the filtrate 
treated with cinchonine has become cloudy on standing it must l)e filtered, the 
residue washed with cinchonine reagent as in the procedure above and the 
filter and residue added to that containing tlie bulk of the tungsten. 

8 . The filter (or filters) is ignited in a weighed crucible to destroy the carbon, 
then cooled and weighed as WOj. 

WOs X 0.7931 = W 

Note. The oxide WO3 fused with KHSO4 and the cooled melt extracted 
with ammonium carbonate reagent should give a clear solution. If the solu¬ 
tion is cloudy Si 02 is indicated. This should be filtered off, ignited and its 
weight subtracted from the WOs obtained above. See optional method below. 

The KHSO« fusion may be made in a porcelain or platinum crucible. 

Optional Method 

The impure residue obtained in step 3 of the first procedure is ignited and 
weighed. The residue is now fused with acid potassium sulphate, KHSO 4 
( 6-6 grams of salt). The heating is continued untilfeffervescence ceases and 
the mass changes to a clear solution. The fusion is cooled by rotating the 
crucible so that the mass is spread in a layer over the sides. It is now dis¬ 
solved by placing in about 100 cc. of ammonium carbonate solution (ip% sol.) 
and heating to boiling. Iron, chromium and silica will remain insoluble, 
tungsten will be in solution. The liquor is filtered and washed 4 or 5 times 
with water containing a little (NH 4 ) 2 COj. The residue is ignited, cooled and 
weighed. The difference of this weight and that of the impure residue is due 
to the WOj. 

Note. If the carbonate extract is boiled, acidified and cinchonine reagent 
added tungsten will precipitate as the cinchonine compound. See Notes. 

Notes 

. The use of sulphuric acid in place of hydrochloric acid in the decomposition 
of the sample offers no advantages as to speed of decomposition. On the 
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other hand with sulphuric acid treatment tungsten is invariably found in the 
filtrate (step 3) while with the HCl method it is seldom found in appreciable 
amounts. 

Hydrofluoric acid assists in the decomposition of alloys high in silicon. A 
large excess must be avoided as this would attack the glass of the beaker with 
liberation of silicic acid, and fluosilicic acid. With large amount of HF a 
platinum dish should be used. 

WOs does not dissolve readily in ammonia after it has been ignited. The 
moist residue of tungsten precipitated by acids is easily soluble in ammonia. 
If an appreciable amount of residue remains from the ammonia extraction, 
it is fused with KIiS 04 , extracted with a 10% solution of (NH4)2C03, the COj 
expelled by boiling and the ammoniacal solution filtered from silica, vanadium, 
iron, etc., and the tung.sten precipitated and determined according to the 
procedure outlined in steps 5 to 8 inclusive. 

SiOj is but slightly soluble in dilute ammonia solution. The silica dissolved 
by 100 cc., 1 : 1 NH^OH in a 30 hour treatmetit on a 47% SiOj ore amounted 
to less than 0.006 g. on a gram sample. With a 30 minute treatment the 
amount was inappreciable. In case of doubt treat the WO.i with HF in a 
platinum crucible and again ignite after expelling the acid by evaporation. 
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THE ANALYSIS OF TUNGSTEN ORES, CONCENTRATES 
AND METALLIC PRODUCTS^ 

General Considerations 

Commercial tungsten minerals are marketed usually in the form of concentrates 
derived from treatment of lean ores by water concentration, or, sometimes, as 
specially selected high grade ore which has not been subjected to dressing opera¬ 
tions other than hand sorting. 

The important commercial minerals are Wolframite—iron-manganese tungstate; 
Hubnerite—manganese tungstate; Ferberite—iron tungstate; Scheelite—calcium 
tungstate. The first three grade into each other imi)crceptibly; commercially, 
they are all cla.ssed as Wolframite although the prc<lominant mineral may, in some 
cases, be either manganese tungstate or iron tungstate. The determinations usually 
required are tungstic oxide, manganese, tin, phosphorus, sulphur, copper and arsenic 
sometimes molybdenum, which occurs more or less frequently in Scheelite, and 
occasionally bismuth and lead. 

The principal minerals associated with tungsten concentrates are pyrite, arseno- 
pyrites, cas.siterite, magnetite, columbite, and always more or less quartz and 
silicates. Scheelite sometimes is as.sociated with baryte. 

The following analytical methods have been in i)ractical use for a long time; 
they have been modified from time to time as exi)erience showed nece.ssary. Many 
suggestions from Works’ chemists and others have been lulopted. 1 he descriptions 
arc given in detail where this has been thought to be nece-ssary because much de¬ 
pends upon minor points and uiwn the experience gained in making many hundreds 
of determinations. 

Methods for the analy.sis of tungsten pf)wders ami ferro-tungsten are also given, 
since these are the raw materials of manufacturers of special steels. 


Gravimetric Determination of Tungsten in Ores and 

Concentrates 

Special Reagents 

Cinchonine Solution. Cinchonine solution is made by dissolving 100 grams of 
the alkaloid in dilute HCl (1 part acid to 3 of water) and diluting to 1000 cc. with 
HCl of the same .strength. 

Cinchonine Wash Solution. 30 ce. Cinchonine solution, 30 cc. strong HCl to 
1000 cc. of water. , 

Preparation of the Sample 

Ores should be ground in agate to pass a 200-mesh screen; double screening is 
recommended to insure perfect fineness. 

Weigh one gram intic> a 350 cc. beaker, add 5 cc. of water and shake to spread 
the ore evenly over the bottom of the beaker. Add 100 cc. of strong HCl, cover 
the beaker and set it to warm gently for an hour. The temperature should not 
exceed (10° C.—higher heating expels HCl gas. The ore is slowly decompos^ 
and mo.st of the tungsten is held in solution by the excess of HCl, leaving the 
undecomposed ore exposed to further attack by the HCl. 

Stir the solution with a glass rod once or twice during this digestion to prevent 

I By A. M. Smoot. 
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the fonnation of crusts or cakes on the bottom. The glass rod may be left in the 
beaker. 

After an hour increase the heat and boil until the solution is evaporated one- 
half or thereabouts. The cover may be removed after boiling begins, or better, it 
may be supported over the beaker on three glass hooks. After the liquid is reduced 
in volume to 50 or 55 co., scrape the bottom of the beaker thoroughly with a glass 
rod to detach tM caked ore and rc.sidue—this is very important, otherwise complete 
decomposition by the acid treatment is difficult if not impossible to accomplish. 
Add 40 cc. more strong HCl and 15 cc. HNOa, replace the cover and boil until all 
danger of spattering (owing to the rapid expulsion of chlorine) is past, remove the 
cover and evaporate to a volume of .50 cc., then add 5 cc., more HNO», replace 
cover and continue boiling, finally remove cover and evaporate to a volume of 
15 co. or loss. All this Ixuling and evaporation requires about an hour. Occasional 
stirring to break up crusts, especially when fresh additions of acid arc made, is 
recommended. 

Add 200 cc. of hot water to the concentrated solution, stir well and simmer 
gently just at the boiling point for half an hour. Nearly all the tungstic acid is 
separate after the addition of nitric acid, and during the subscfiuent simmering 
and boiling after dilution, but a little may remain in solution. Add 6 cc. of cin¬ 
chonine solution, stir well and let stand for half an hour, or longer if convenient, 
thus precipitating all tungsten. 

This method of attack is preferable to that formerly employed wherein less acid 
was used and HNO, was added earlier in the digestion. Mast ores are completely 
decomposed, so far as tungsten minerals arc concerned, but it is unsafe to assume 
that this is the case unless the residue is {)ure white silica. 

After the tungstic acid residue has settled well and has stood for half an hour, 
filter the solution through a 9 cm. paper, using a little paper pulp in the filter. 
Wash the residue well, first by decantation in the beaker and afterward on the paper 
with a dilute solution of cinchonine and H('l. 

It is unnecessary to detach the tungstic acid which adheres to the sides of the 
beaker, but washing should Ije thorough to remove all iron, manganese, lime, etc., 
from the residue and filter paper. Finally wash both beaker and filter once with 
cold water to displace most of the dilute cinchonine washing solution. 

Procedure for Isolation of Tungsten 

Wash the tunf^tic acid and residue back from the filter into the original b(»ker 
with a fine jet of water from a wash bottle—the residue washes out easily tecause 
of the pelper pulp which prevents adherence—alx)ut 25 cc. of water should be used. 
Add 6 co. of strong NH4OII, cover the beaker and warm it gently for about ten 
minutes. Tungstic acid dissolves readily, stir well and wash down the sides of the 
beaker with dilute ammonia, make sure that all the yellow tungstic acid has dis¬ 
solved, then filter the warm solution through the same filter paper that was used 
at first, thus dissolving the small amount of tungstic acid that adhered thereto. 
Collect the filtrate in a 400 cc. beaker, wash the original beaker and the filter paper 
^oroughly with dilute ammonia (1 part strong NH4OH —9 parts HjO). The 
mtrate should be clear, or at most only slightly cloudy. The addition of about one 
gram of NH4CI to the solution before filtering and the use of a little of the same 
salt in the wash solution will insure a perfectly clear filtrate; but the use of this 
salt is not recommended unless the silioious residue tends to pass the filter in large 
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amount. The residue insoluble in ammonia wiU usually be free from tungsten; 
it may consist of tin o.xide (cassiterite) silica and undecomposed silicates, titaniiun 
minerals or columbite; to make sure, it must be fused as described belo^. 

Cover the 400 cc. beaker and boil it until free ammonia is expelled. The object 
of boiling off the free ammonia is to minimize ammonium salts since the cinchonine 
tungsten compound to be precipitated comes down more quickly and completely 
in solutions free from ammonium salts. Dilute the solution to 200 cc. with Act 
distilled water, acidulate with 3 cc. IICl and add 6 to 8 cc. of cinchonine solution. 
Stir very brisUy for half a minute, which will cause the flocculent precipitate to 
agglomerate. It will then settle nipidly, leaving a clear supernatant liquid. Let 
it stand until cold, filter on an 11 cm. weightle.ss a.sh filter (B. & A.—A grade) which 
has been treated to a rather copious dose of paper pulp. If anunonium chloride 
is used in the prior operation, the solution should be allowed to stand for several 
hours, best over night, after adding cinchonine. Wash well with dilute cinchonine 
solution (wash solution described above) policing the beaker with a rubber tipped 
rod. Follow the cinchonine wash by one washing with cold water, transfer the 
filter to a small weighed platinum dish or large crucible, dry by heating on the hot 
plate, then burn the filter slowly over a bunsen burner or in a muffie followed by 
strong ignition until all carbon is consumed. 

The use of paper pulp in the filter promotes ignition, leaving the ignit^ pre¬ 
cipitate as a porous, friable mass, whereas if paper pulp is not used, the igmted 
precipitate is dense and it is sometimes difficult to burn the carbon completely. 

After the carbon is practically all consumetl break down the residue with a glass 
rod flattened at one end, wipe off the end of the rod with a small piece of moistened 
filter paper, adding it to the dish. Any remaining carbon and the smSIl piece of 
filter paper are quickly burned, leaving a pure yellow residue? 

Moisten the residue with three drops of strong H 2 SO<, add .5 cc. of HF and 
evaporate slowly on the hot plate until the HF is exjjelled. It is best to continue 
heating on the hot plate until the Il^SOi is expelled also; there is then no danger 
of spitting. Ignite the dish cautiously at first, finally at full red heat for ten 
minutes, cool in a desiccator and weigh as WOj. 

The residue left after the ammonia treatment may in some <^s contain WOj, 
although with Scheelite and most pure ores and concentrates it docs not. It is 
best in all cases to examine it. In the case of impure ores containing much insoluble 
residue, the residues from duplicate determinations should be examined separately. 
When the residue is small and light-colored, it suffices to unite the duplicates for 
this determination. . .. mt- • 

Ignite the filter containing the residue in a small porcelain crucible. This is 
necessary because tin may be present, which would be reduced by the filter^aper 
and ruin platinum. Mix the ignited residue with five or six times its weight (in 
any case at least one gram) of sodium carbonate plus a very little KNOi. Trans¬ 
fer the mixture to a platinum crucible and fuse for five or ten minutes. L^ch the 
fusion with 50 cc. of hot water in a small beaker, filter, acidulate slightly with HCl 
and boil to expel COi. Add 5 cc. cinchonine solution. Let the beaker stand for 
several hours, best over night; long standing is essential because small amounts of 
tungsten are slowly precipitated by cinchonine in the presence of alkaline chlorides. 

If any tungsten precipitate appears, filter it off on a 7 cm. paper and wash it 
with dilute cinchonine solution, followed by one wash with cold water, dissolve on 
the filter in warm dilute ammonia, collecting the filtrate in a small beaker, boil 
out the excess of anunonia, make slightly acid with HCl and reprecipitate the 
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. . t. • » TUw rpnrecipitation is done in a very sma/Zvo/ume of 

tungsten with cinchonine, iws P down quickly, let it stand 

Uguid practically free from salts ^ the un^ten com^ W 
for an hour, filter on a small weightless ash hiter conmig » ^ with a 

dilute cinchonine solution followed by one wash with water, ' „gnta«B 

drop of H^O, and I cc. of HF, evaporate, ignite and weigh. Add the percentage 

of WO, thus found to the principal amount. 

Factors: WO,X0.7931 = W, 

WX2.4739 = PbW04. 


Aqua Regia Method of Watts' 

One gram of medium grade, or 0..5 gram of high grade, very finely pulverized 
ore, is treated in a 4-oz. flask with 40-50 cc. aqua regia and kept at moderate 
heat, below boiling, on a hot plate, until the solution has evaporated to about 
16 cc. The solution is shaken frequently to prevent a solid cake forming at 
the bottom of the flask, which would prevent complete action of the acid on 
the ore. 

The solution, removed from the hot plate, is diluted to about 50 cc. with 
hot distilled water and sot aside to settle for half an hour. The clear liquor 
is decanted through a paper filter and the residue washed in the flask twice 
by decantation with 25 cc. portions of water slightly acidulated with HCl. 

The WOa in the flask is dissolved with 20 cc. of 1 : .5 NHaOH containing 
2-3 drops of HCl. The solution is decanted through the filter and any re¬ 
maining residue washed by decantation twice with the ammonia reagent. 

If the residue is white it is transferred to the filter. If any black particles 
of undccomposed ore arc evident, the residue is again digested with 10-15 cc. 
of aqua regia and treated as in the first case, oidy with relatively smaller por¬ 
tions of solutions. The ammonia extract is added to the filter. And the 
filter washed down in the customary way to remove all tungsten stdution, 
allowing it to flow into the main e.xtract. 

The filtrate containing the tungsten is evaporated to dryness in a platinum 
dish over a water bath. The ammonia salts expelled by heat. The residue 
cooled is treated with 1-2 drops of l[.jSO.i ami about 2 cc. HF. The silica 
is expelled (in Hood), together with the acids by gently heating. The residue 
is now heated to dull redness for 5-10 minutes, then cooled in a desiccator and 
weighed as WO,. 
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DETERMINATION OF COMMONLY OCCURRING SUB¬ 
STANCES IN TUNGSTEN ORES AND CONCENTRATES 

Determination of Phosphorus 

Treat two grams of ore exactly as in the tungsten determination and evaporate 
the HCl and IINO 3 solution until only about 10 cc. of liquid remains. Add 5 cc. 
of strong H 2 SO 4 and evaporate to fumes, (’ool, take up with 25 cc. HjO, add 
about two grams of tartaric acid and heat to l>oiling. Add 20 cc. of strong NH 4 OH 
thus dissolving the separated WO 3 . Filter into a “shaking bottle” (a glass stop¬ 
pered 250 cc. bottle) and wash the residue with dilute Nil,011. R^rve the 
liquid. Ignite the re.sidue and ex]K!l Si 02 with IIF and HjSOi. In the case of 
Scheelite this re.sidue may be rather' large owing to the insolubility of CaS04. 
Add sufficient NajCOs to make eight or ten times the weight of the residue and 
fuse thmoughly. liCach the fusion with hot water and filter, washing the residue 
with dilute Na 2 C 03 solution. Acidulate the filtrate with H(’l and boil to eliminate 
CO 2 —evaporate the .solution if necessary to a volume of 75 cc. and make it slightly 
alkaline with NII 4 OH. A precipitate of Al 2 (OH)« may api)ear at this iwint; 
if it does, make the liquid slightly acid until the precipitate dissolves, and add it 
to the main aminoniacal sjtlution in the shaking bottle. The presence of tartaric 
acid in this solution will prevent the separation of alumina. Add 10 cc. magnesia 
mixture to the bottle (the whole volume of solution should not excee<l 100 cc.) and 
cool to 5® C. or less. Add five or six glass beads to the bottle and shake in a shaking 
machine for five or ten minutes. The object of the glass lieads and the shaking, 
is to start the formation of magne.sium-ammonium phosphate. After shaking, 
add 25 cc. of strong NH 4 OII and let the Ixjttle stand in a refrigerator over night. 
Filter off the solution and wash the precipitate in the bottle and on the pajHjr 
with dilute NII 4 OH but do not attempt to remove the precipitate adhering to the 
sides of the bottle. The precipitate consists of magnesium ammonium plu) 8 phate 
and arsenate together with silica and other impurities. Tin, tunj^ten, moly^ 
denum, vanadium and titanium are eliminated by jirecipitation with magnesia 
mixture in the presence of tartaric acid. Dis.solvc the magnesia precipitate in hot 
dilute llCl and cvaponitc t<j small volume, say 7 or X cc. Add 10 cc. of strong HCl 
and 0.5 gram NaBr and evaporate to dryness. Take up with 5 cc. HNO 3 and 
evaporate to dryness again. The NaBr serves to reduce As'' to As'". The addi¬ 
tion of strong HCl and boiling followed by evaiK)ration to dryness eliminates As 
and Si02. Dissolve residue in 60 cc. HNO 3 , H. (i. 1.135, add 40 cc. of NILOH 
Sp. Or. 0.96, cool to 35“ C., add cc. molybtlatc solution (Blair) and finish the de¬ 
termination by the alkalimetric method (Handy) descrilied on page 368. , 

Determination of Sulphur in Ferberite, Wolframite and Scheelite 

Fusion Method. Fuse two grams of pulp mixed intimately with nine grams 
of Na2C03 and one gram KNO 3 . Leach the fusion with water and wMh the 
residue thoroughly with a dilute solution of Na 2 (X) 3 . Acidulate the liquid with 
HCl and evaporate to drsmoss. Take up with a little 11(^1 and 1.50 cc. of water, 
add 5 cc. of strong cinchonine solution and heat until all .soluble salts arc dissolved, 
finally boil for about five minutes. Let the solution stsmd over night, filter and 
wash with dilute cinchonine solution, using paper pulp in the filter. Neutralize 
the filtrate with Na 2 C 03 , make slightly acid with HCl (0.5 cc. for each 100 cc. of 
liquid) heat to boiling and precipitate Bi ^04 by the slow addition of 10% BaClj 
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■olutioii. Let istand over night; filter, wash and weigh. The cinchonine solutions 
are the same as those used in the tungsten determinations. Note that the use of 
cinohonine is essential in this determination because in the presence of a large 
excess of alkaline chlorides the complete separation of tungsten is only effected by 
cinchonine. If it is omitted the BaSOi precipitate will inevitable contain BaWO*. 
Blank determinations on the reagents run parallel with the sample are essential. 

Wet Method. In Ferberite and Wolframite only where sulphur is present as 
associated sulphides. The method is not applicable to Scheelite which may 
contain BaS04. 

Treat two grams of the 200-me8h pulp with 20 cc. of a mixture of three parts 
HNOj and one part HCl in a 250 cc. beaker, add 0.5 cc. Br and let stand at room 
temperature for half an hour. Digest on a steam bath, for half an hour, remove 
cover and evaporate to dryness on the steam bath. Add 5 cc. strong HCl and 
again evaporate to dryness. Take up with 3 cc. HCl and 10 cc. H 2 O, and dig^t 
until all soluble salts are dissolved. Add 250 cc. hot water and 2 cc. cinchonine 
solution and boil. Let the solution stand until it is wld, filter and wash the residue 
with water containing a few drops of HCl. Heat the liquid to boiling and pre¬ 
cipitate 8 by adding 10 cc. of a 10% solution of BaClj ^ILO. Let stand over 
night, filter and wash with hot water. Ignite and weigh as BaSO^. In this 
method, the tungsten mineral is only partly decomposed, but all sulphides of iron, 
copper, etc., are oxidized to sulphates. This method is useful for the analysis 
of impure concentrates containing much associated sulphides. It is not to be 
relied upon for the accurate determination of small amounts of sulphur. 

Determination of Arsenic in Tungsten Ores and Concentrates 

Wet Method. The method is based on the assumption that arsenic in tungsten 
ores and concentrates is wholly present as associated minerals which may be 
decomposed by acid treatment and not as complex arsenic-tungsten compounds 
unaffected by acids, since the treatment used docs not wholly decompose the 
tungsten mineral or associated tin, titanium and niobium minerals. 

Treat two grams of the 200-raeah pulp in a round bottom .300 cc. flask with 
10 cc. strong HNO>. Digest for half an hour over a small flame, odd 7 cc. of strong 
HiB 04 and evaporate to fumes by shaking the flask over a naked flame and at the 
same time, blowing a mild air current into it to remove HNO 3 . Cool the flask, 
add 10 cc. of water and again evaporate to fumes of H:S 04 ; this is done to expel 
HNOt completely which is important. Cool the fliusk and add 3 cc. of water, not 
more, then add two grams of dry FeS 04 and connect the flask to an Allihn con¬ 
denser, set up vertically, by means of a rubber stopper carrying a stoppered funnel 
tube and af wide exit tube. The exit end of the condenser is sealed by allowing it 
to dip slightly below the surface of 300 cc. of cold water contained in a large beaker. 

Add 75 cc. of strong HCl through the funnel tube and boil until the volume in 
the flask is reduced to 25 or 30 cc., then axld 25 cc. more strong HCl and repeat the 
distillation. Usually two distillations serve to volatilize all arsenic which is 
collected in the beaker. To make sure, substitute another beaker containing water, 
add 25 cc. more HCl to the flask and distil again. The second distillate is tested 
by itself; it seldom shows any arsenic. Pass a rapid current of HjS into the acid 
disISUate, thus precipitating arsenic ns AsjSj. Let the precipitate settle at a 
temperature of to 70“ for an hour or two, filter through a Gooch crucible fitted 
with a well washed asbestos pad and wash the precipitate thoroughly with hot 
mter, followed by alcohol, ether and finally CSa. Dry the precipitate at 106“ C. 
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for an hour and weigh, dwaolve the AsjS, from the filter by passing warm NH^H 
through it, wash again with water followed by alcohol only, dry at 105“ C. for an 
hour and migh again. Take the weight of AsjSj by difference between first and 
second weighing. This method is preferable to weighing the Gooch crucible before 
filtering. 

The distillation method depends on the reduction of As'' to As'" by ferrous 
sulphate and on volatilization a.s AsClj. This can only be done if the HCl employed 
is strong. Dilution of the HCl below a gravity of 1.10 will prevent the formation 
of AsClj, since in that case we have a solution of As?0» in HCl rather than AsCli. 

See also the procedure given on pages 37-39 of this volume. 

Preliminary Fusion. In case the ore or concentrates contains insoluble arsenic 
compounds not broken up by the simple acid treatment described, it is necessary 
to fuse two grams of pulp with 15-20 grams of potassium pyrosulpliate in a porcelain 
or fused silica crucible. After the melt is cold, remove it from the crucible which 
can usually be done easily by inverting and tapping, and break it into small pieces 
in a porcelain mortar. Transfer the ground melt to the 300 cc. flask, add two 
grams FeSO, and proceed with the distillation as above. The latter modification 
is unnecessary on most ores, since arsenic is rarely present except as associated 
arsenical minerals decomposed by acids. 

Some trouble may be experienced in distilling owing to the “bumping” caused 
by separated WOj or undecomposed ore. This may be overcome by intr^ucing a 
few glass beads into the flask. 

Tin in Tungsten Ores and Concentrates 

Fuse two grams of the finely pulverized ore in a spun iron crucible with ten 
grams of a mixture of equal parts of finely granulated sodium hydrate and sodium 
peroxide. The ore should be intimately mixed with the flux, fusion should be 
continued for one or two minutes after the mass is completely liquid, and a rotary 
motion should be given to the crucible during this pcriixl by holding it in the tongs 
and turning it in the flame; turning should be continued during cooling to spread 
the fusion. 

Dissolve the fusion in 75 to 100 cc. of hot water. This is best done by placing 
the crucible in water in a large nickel dish since the strongly alkaline wlution 
attacks glass or porcelain. When the mass is thoroughly disintegrated, romove 
the crucible and wash it; then pour the liquid into a 300 cc. beaker containing 
15 grams of tartaric acid dissolved in 50 cc. of water; forthwith add 40 cc. of 
strong HCl. The solution will, of course, be quite hot. It should become clear 
on standing a few minutes except for a small amount of iron scale from the crucible, 
but it may require further heating to dissolve all iron hydrate. There should be 
no perceptible residue of undecomposed ore but it does not matter if there is a little, 
because it will be decomposed by the subsequent treatment. Pass a brisk current 
of H^ into the warm solution until ferric iron is reduced and tin is precipitated as 
stannic sulphide. Filter the solution and wash the precipitate thoroughly with 
warm water containing H^. If there is a tendency for the tin sulphide to run 
through add a little ammonium nitrate to the wash water. It is important to 
remove chlorides since their presence might entail a loss of tin in the subsequent 
i^tion. 

_ The presence of sufficient tartaric acid prevents the precipitation of tungstic 
acid when the fusion is acidulated with HCl, but with large amounts of tin or with 
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the considerable separation of sulphur caused by reduction of ferric iron in the 
solution some tungsten is likely to be entrained with the precipitate which no 
reasonable amount of washing will remove; a second fusion is therefore necessary. 
Ignite the sulphide precipitate in a porcelain crucible and transfer the residue care¬ 
fully to a small spun iron crucible. The reason for this step is the presence of free 
sulphur and sulphides which unite with the iron of the crucible, forming iron 
sulphide when ignition is made in the iron crucible. The film of iron sulphide is 
vigorously acted upon by jieroxide, causing spattering. Mix the ignited residue 
with about two grams of sodium peroxide and fuse as before. Dissolve the fusion, 
in the crucible, in 26 cc. of water, transfer to a 260 cc. beaker and boil to decompose 
peroxide; then add two grams of tartaric acid and 60 cc. of strong HCl. This 
gives a solution containing 2 vols. of strong IICl to 1 vol. of water. Iron scale 
from the crucible and iron hydrate dissolve immc<liately in acid of this strength, 
leaving a perfectly clear solution, but the object in adding the large excess of HCl 
is to obtain a solution of such acid strength that arsenic may be precipitated with 
HsS while tin sulphide is nut formed. 

If the foregoing proportions are maintained the separation of arsenic and tin 
may be accomplished by pa-ssing H 28 into the solution, whereby arsenic is separated 
as sulphide. Pass HjS into the hot solution for about ten minutes or until prac¬ 
tically all ferric iron is reduced. Filter off the ansenic sulphides through a small 
filter and wash thoroughly with HCl (1.19 sp.gr.) diluted with one half its volume 
of water. Good quality filter paper will withstand HCl solutions of this strength 
although an asbestos filter (Gooch) may be use<l if preferre<l. 

Dilute the acid filtrate 'vith twice its volume of water, add 26 cc. of strong 
NH 4 OH to neutralize part of the free acid, and pa.ss a little more H.S thus pre¬ 
cipitating tin, antimony, copper, etc. as sulphides. I^ct the sulphides stand until 
they have settled well, then filter and wash the precipitate with HaS water slightly 
acidulated with HCl. Filter the solution tliruugh a 9 cm. filter, or better through a 
Gooch filter, using very moderate suction. Transfer the filter to a small beaker 
and.heat it with 10 cc. of a 10% solution of sodium monosulphide. The tin sulphide 
and free sulphur dissolve readily leaving, usually, a very small amount of copper 
sulphide. Filter the solution through a 7 cm. paper and wash the filter several 
times with a 1% solution of so<lium sulphide. Since copier sulphide is usually 
exceeding small, a single treatment writh sodium sulpliide suffices to dissolve all the 
tin sulphide, but if much copper should be present a second treatment is advisable. 

The alkaline filtrate and washings containctl in a 460 cc. Erlinmeyer flask 
should measure approximately 60 cc.; add 70 cc. of strong HCl, or a little more 
than the volume of the liquid. The sulpho-stannate is decomposed, most of the 
tin sulphide will dissolve, and there will be a separation of free sulphur. If the 
liquid is fairly cool at the time of adding the acid, there will be no great rise in 
temperature; if the temperature does not excee<l 50-56“ C. the liberated sulphur 
will not agglomerate and subsequent oxidation is easily accomplished by adding 
about two grams of KClOj a little at a time to the cool solution, shaking after each 
addition. After the solution begins to clear, heat it to boiling to remove chlorine. 
A perfectly clear solution without agglomerations of sulphur should result. Con¬ 
tinue boiling for about ten minutes to insure complete expulsion of chlorine. Add 
to cc. of water to the flask, making the volume approximately 200 cc. containing 
between one-quarter and one-third of its volume of free HCl; this proportion of 
free acid is important. Introduce a coil of nickel foil, li" x 7", rolled around a 
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glass rod until it will just slip into the neck of the Bask, heat the solution to boiling 
and boil gently for about 20 minutes; connect the flask by means of a double 
perforated rubber stopper with a current of COj gas and continue boiling for a few 
minutes. Remove from heat and while a brisk stream of COi is continued immerse 
the flask in cold water. When the solution is cooled to room temperature dis¬ 
connect from the source of COi and immediately titrate the tin with N/20 iodine 
solution using a few drops of starch solution as indicator. It is unnecessary to 
remove the nickel before titration. A “blank” should be made on the titration by 
boiling a solution of hydrochloric acid with a foil of nickel under the same conditions 
as the determination. The correction may amount to 0.2 cc. The iodine solution 
should be standardized against pure tin dissolved’ in H('l and KClOj and reduced 
with nickel under the same comlitions as the determination. 

Notks. Antimony does not interfere; it is pretapitated as metal by the nickel and 
remains its a blat^k precipitate in the bottom of the flask. 

Arsenic in minute proiwrtions docs nof interfere. Where it is known to be present 
only in smalt amounts the stei>s for its elimination may be omitted, tiome tungsten 
ores, however, contain relatively large pro|M)rtion8 of arsenic, usually present as anwno- 
pyrite. When a large amount of arsenn; is present it should bt; eliminated as described, 
otherwise serious errors may be mwle. 

In place of the cumbersome COj apparatus mentioned for use at the end of the 
reduction with nickel and during cooling, the “tin redindion” apparatus devised by 
A. Craig and described in The Engineering and Mining Journal, Vol. 106, p. 25, may hie 
used to great advantage. 

Copper in Tungsten Ores and Concentrates 

Applicable to All Ores Whether Scheelite, Wolframite or Hubnerite 

Treat five grams of the fine pulp with 20 cc. of H('l in a 400 cc. beaker and 
digest with frequent shaking at a low temperature for an hour. Add 5 cc. of 
HNOa and boil down to a volume of, say, 10 cc., cool and add 10 cc. of HjS 04 and 
evaporate to fumes. Cool, add 1.50 cc. of water and boil. I'ilter off the separated 
tungstic acid. All copjxir is in the acid filtrate, but it is well to test the residue 
also to be i)erfectly sure. 

In the case of Scheelite it is necessary to add a few cc. of HCl to the acid solu¬ 
tion before filtering off the WOj, since the large amount of UaS04 which seprates 
in sulphuric acid solution alone is troublesome to wash and renders the examination 
of the insoluble residue difficult unless it is removed. 

Neutralize the sulphuric acid solution from the W'Oa with NH 4 OH, make it 
just acid with HCl, avoiding any greater excess than is sufficient to dissolve the 
iron and manganese hydrates. Add 50 cc. of a solution of s<xlium bisulphite (150 
grams per liter) and let stand in a warm place for half an hour with frequent stirring 
—^iron is reduced to the ferrous condition. Add 5 cc. of sodium sulphocyanate 
(150 grams per liter) and let stand for another hour stirring from time to time. 
Copper is precipitat^ as cuprous sulphocyanate free from molybdenum (which 
frequently occurs in Scheelite), arsenic or other interfering elements. Filter the 
cuprous sulphocyanate through a double filter, returning the first part of the 
filtrate to the filter since the precipitate is very fine and is apt to “run through” 
at first. To prevent this, add a little paper pulp to the filter. 

Wash the precipitate with warm water and transfer the wet filter to a porcelain 
crucible, dry in an oven heated to 250“ to 275". This will char the paper gradually 
without danger of loss of precipitate. When the paper is thoroughly charred, heat 
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the crucible in a muffle or over an open burner imtil all carbon is consumed. Dis¬ 
solve the mixture of copper sulphide and oxide remaining in the crucible in a few cc. 
of strong HNOi and finish the determination by the electrolytic or iodide methods. 
Very small amounts of copper are best estimate colorimetrically by comparing the 
blue color of the ammoniacal solution with a standard in short color tub^. Since 
the exact determination of copper is sometimes very important, it is advisable 
always to take a large initial weight of sample (5 grams) unless copper is present 
in large amount—say two per cent. This is sometimes the case in scheelites con¬ 
taining cupro-scheelitc. In examining the residue left by the acid treatment, 
dissolve the WOj in NILOH and wash the filter with dilute NH4OH. Ignite the 
filter containing the insoluble matter and undecomposed ore and fuse it with 
KHSO4 in a porcelain crucible. Dissolve the fusion in water and make the solution 
strongly alkaline with NH4OH. Filter off any iron hydrate and insoluble residue 
and obwrve whether or not the filtrate shows a blue color. As little as 0.5 mg. can 
easily be detected in a volume of 50 cc. If there is no blue color, further examina¬ 
tion may be omitted. If the qualitative test indicates copper, dissolve any iron 
hydrate which may have separated in dilute H2SO4. Add this solution to the 
main liquid and sliglitly acidulate with HCl. Then add sodium bisulphite and 
sulpho-cyanatc, proceeding os in the main determination. 

Manganese in Tungsten Ores and Concentrates 

Treat one gram of the pulp exactly as in the tungsten determination omitting 
the use of cinchonine, but letting the solution stand until it is cold after decom¬ 
position has been effected. Filter off the insoluble residue and tungstic acid and 
wash it thoroughly with dilute HCl (25 cc. per liter). It is quite difficult to remove 
every trace of iron and manganese from the heavy WO5 residue which invariably 
retains a little unless the precipitate and residue is washed back from the filter and 
agitated with the wash liquid. The filtrate contains all Mn. 

Neutralize the solution by means of NasCOj until there is a slight pennanent 
precipitate. Dissolve this by adding dilute H2SO4 (1-5) leaving the solution very 
slightly acid. Add two or three grams of ZnO, ground to a cream with water, 
heat to boiling and titrate Mn with standard permanganate by Volhard’s method. 
See page 304. 
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METALLIC TUNGSTEN AND TUNGSTEN ALLOYS 
Tungsten in Tungsten Metal and Ferro-Tungsten 

Treat one gram of the finely ground sample in a large (60 cc.) platinum crucible 
fitted with a cover with 5 co. HF.; add HNOj, drop by drop, until the metal dis¬ 
solves. Add 3-4 cc. H 0 SO 4 and evaporate on a steam bath until HNOiH-HF is 
expelled. Shake gently over a small Bunsen flame until HsS 04 fumes strongly. 
Cool, transfer to a 250 cc. beaker with water, finally wiping the crucible with a 
little filter paper. A little WOj sticks to the cnicible; it cannot be removed by 
wiping. Reserve the crucible. Dilute the contents of the beaker to about 160 co. 
with water, add 3 cc. HCl and boil. Remove from the stove and to the hot solu¬ 
tion add 5 cc. cinchonine solution and let stand over night (or at least four or five 
hours). Filter on “ashless paper” and wash with dilute cinchonine solution. 
Gently ignite the precipitate in the crucible in which it was originally treated. 
Heat for five minutes with full Bunsen burner flame, C(X)1 and weigh. Add about 
5 grams NazCOa and fuse, running the fusion around the side of the crucible to 
remove all WO3. Dissolve the fusion in hot water; filter and wash five or six 
times with hot water. Place the filter in the crucible and ignite, add a little NajCOj 
and fuse again. Dissolve the fusion in water, filter and wash very thoroughly with 
hot water to remove last traces of NajCOj, ignite in the same dish as at first, cool 
and weigh. The difference between weiglit of dish plus residue and weight of dish 
plus tungstic oxide is WO3. 

Dilute Cinchonine Solution. 30 cc. strong cinchonine solution and 30 co. 
HCl to one liter. 

Strong Cinchonine Solution. 100 grams cinchonine dissolved in dilute HCl 
(1 part acid, 3 parts water) and diluted to one liter with acid of the same strength. 


Method for Phosphorus in Ferro-Tungsten and Tungsten Metal 

Treat one gram of the finely powdered sample in a platinum dish, fitted with a 
gold cover, with 15 cc. HNO 3 (1.42 sp.gr.), add 3 cc. HF and warm gently. When 
action subsides, add 3 cc. more HF. After action subsides, boil, remove cover and 
if decomposition is not complete, add more HF and boil again. When solution is 
complete, wash off the cover and evaporate at a low heat to a volume of about 
10 cc. then add 3-4 drops of concentrated permanganate solution and continue 
evaporation until crusts of WOs begin to form at the edges; that is, to a volume of, 
say, 6 cc. Add 5 cc. H 3 S 04 and evaporate on the stove at a low heat unjil HF and 
HNOs are expelled and H ^04 fumes are given off. (Strong heat causes spattering 
and also cau% hard, over-baked crusts to form on the bottom of the di^ which 
resist subsequent treatment.) Cool, add 25 cc. HsO and boil (by agitating over 
bunsen flame) until all soluble salts are dissolved. Destroy pink color due to 
excess of permanganate by adding sulphurous acid drop by drop. The pink color 
may not very evident but the SO .3 is added anyway to reduce higher oxides of Mn. 
Boil for a minute or two after adding the SO>. Add 1.2 grams of pure tartaric 
acid and when this is dissolved and the solution is cooled to a temperature of about 
50® C., add 20 cc. of NH 4 OH, (0.90 sp.gr.) diluted with an ^ual volume of water. 
The precipitated tungstic acid should dissolve completely, giving a clear solution. 
The solution is hot from the reaction between and NH^H. While it is 
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still hot add 10 cc. magnesia mixture and transfer it from the Pt dish to a six-ounce 
glass stoppered bottle. Set the bottle in ice water and when it is thoroughbj cooled, 
^d four or five glass beads, say 6 mm. diameter. Stopper it tightly and shake in 
an efficient shaking machine for at least ten minutes. The agitation should be 
violent. The beads aid in starting the formation of the magnesium precipitate; 
after agitation add 15 cc. of strong NH,OH and return the bottle to ice water 
tank or put it in a refrigerator to stand over night. Phosphorus separates as mag¬ 
nesium ammonium phosphate free from tungsten but containing possibly basic 
magnesium compounds. After standing over night, filter the solution through a 
9 cm. paper containing a little paper pulp and wash the bottle and paper thoroughly 
by small additions of ammonia wash water (1 part NH 4 OH, 3 parts H 2 O). Do 
not attempt to remove all the precipitate from the bottle but remove the beads to 
the filter. Place the bottle under the filter and ptiur through the filter 60 cc. of 
HNOs of 1.135 sp.gr. (1 part HNOi, 1.42; 3 parts HjO) in five successive portions 
of 12 cc. each letting the acid fall on the upper edges of the filter paper. This 
dissolves any ammonium magnesium phosphate and washes it into the bottle 
where any that remained adhering to the glass is also dissolved. Add 12 cc. of 
NHiOH (sp.gr. 0 . 00 ) to the liquid, cool to 35° C., add 35 cc. molybdate mixture 
and proceed according to either of the methods described on pages 368-370 of this 
volume. 


Notes. The usual proportions of HNOj and HF are reversed in order to provide a 
constant excess of HNOs to oxidize P. The pro<T<luro given takes a little longer than 
when the sample is treaUxl with HF first and HNOs is addisl a little at a time, but solu¬ 
tion is finally complete. It is necessary to keep the platinum dish covered after action 
begins, as the reaction is somewhat violent. 

The platinum dishes recommended are; 

8 cm. in diameter at top. 

7.8 cm. in diameter at bottom. 

4 cm. high. 


They have flat bottoms and are wire rimmed at top to give additional stiffness. They 
wei^ 58 to 60 grams each and hold about 175 ec. The covers are made of pure gold 
(for economy) “dished” like a crucible cover to fit the top of the dishes closely. The 
dishes have small lips to aid jxniring. The “tongue” of the cover overlaiw the lip. 
Ordinary round bottomed dishi^ may be used but the manipulation is much more 
difficult; there is greater tendency to spattering and danger of local baking or over¬ 
heating in evaporating to fumes of HjSO,. If the separated WO, is overheat^ locally, 
it docs not dissolve reiidily in NH4OH. In a flat bottomed dish, the WOj is spread 
in a thin layer an<l heat is applied evenly all over the bottom. 

A good shaking machine should be used. The magnesia precipitate may be started 
by shaking the bottles by hand; but it is a tiresome job. The solution must be cold— 
say 8° or. 10“ when shaking begins. 

Permanganate solution is added to insure complete oxidation of phosphorus, as in 
steel analysis. The color of the permanganate gradually fades in the hydrofluoric 
nitric solution, but after evaporating to fumes and adding water, the solution is usually 
slightly pink. 

The amount of tartaric arid is limited to 1.20 ^ms since ammonium tartrate 
retards the formation of the magni>sia precipitate. Complete precipitation can only 
be obtain^ by brisk agitation and by keeping the solution very cold followed by long 
standing in a cold place. By this method, determinations started at 3 p.m. may be 
jximpleted by noon the next day. 
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Determination of Suiphur and Silicon in Ferro-Tungsten and 

Tungsten Metal 

Fuse two grams of the finely powdered metal, intimately mixed with 8 grams of 
dry NajCOj and 2 grams of powdered KNOj, in a large platinum crucible (40 cc.)- 
The fusion is best made in an electric muffle to avoid contamination with 
sulphur contained in illuminating gas. Leach the fusion with 100 cc. of distilled 
water in a 2.50 cc. beaker. Filter into a 12 cm. porcelain casserole and wash the 
residue several times with hot distilled water. The solution contains practically all 
of the sulphur and most of the tungsten and silica. The residue contains some 
of each, but not more than traces of sulphur. 

Solution. Render the liquid acid with 20 cc. HCl and evaporate to dryness on 
a steam bath, thus precipitating tungstic acid. After the residue is dry, heat it to 
110°-120'’ C. in an oven to dehydrate silica, take up with 5 cc. HCl and .50 cc. water, 
add 3 cc. strong cinchonine solution (see tungsten determination) and boil, or heat 
just short of the boiling point, for half an hour. Let the solution stand until it is 
cold. By means of the cinchonine all WO 3 is rendered insoluble. Filter through 
an 11 cm. filter paper (free from ash) which has been liberally treatol with an 
emulsion of filter paper pulp, and wash the residue with dilute cinchonine solution 
(see tungsten determination). Reserve the residue. The filtrate (xmtains all the 
sulphur, heat it to boiling and add 10 cc. of barium chloride solution (100 grams 
BaCh 2 H 2 O to 1000 cc.) boil for ten minutes, allow it to stand over night, filter 
on a 9 cm. filter paper (free from ash) wash repeatedly with hot water, ignite m 
platinum and weigh as BaSU,. If the work is properly carrieil out every toce of 
WO 3 is removed from the solution and tliere is no danger of including BaVV04 with 
the BaS04. If one suspects that the BiuSO^ is not quite pure, t should be fu^d 
with a little Na 2 C 03 , leached with water and filtered, the filtmte should bo acidu¬ 
lated with HCl, a few drops of cinchonine solution added and the solution evapor¬ 
ated to dryness on a steam bath. The dry residue should be dissolved in a little 
water, a few drops of HCl added, and any residue filtered off. In the clear filtrate 
BaSOi should be again precipitated as before. The weight of BaSOi X0.1373=S. 

A “blank” on all reagents must be made parallel with the determination; this 
is important since all sodium carbonate obtainable contains sulphur and there is 
sometimes more or less of it in the cinchonine. All evaporations should be made 
over steam and the operations conducted in a place free from sulphur ga^> 

Silicon. The residue of tungstic oxide from which the solution for the deter¬ 
mination of sulphur was filtered contains most of the silica. The residue from 
leaching the original fusion contains the rest. 

Wash the residue from the Na 2 C 03 fusion from the filter paper with a fine jet 
of water into a small casserole, add an excess of HC3 and evajHirate to dnmess on a 
steam bath, heat the dry residue at 110 °- 120 ° Cl to dehydrate silica and mter on a 
small filter paper (free from ash). Wash thoroughly with hot dilute HCl (1 10 ) 
and finally with hot water. Reserve the filter. , . c* 

Wash the residue of tungstic oxide, silica and filter paper pulp from the mter 
into a small cas.serole, add 5 cc. of HCl and heat for a few minutes, then fiH®^ 
again through the same paper and wash it thoroughly with hot water. ^ This se^nd 
washing is necessary to remove sodium salts completely. (The original washing 
sufficed to remove all of the small amount of sulphur present.) Transfer the well- 
washed filter and residue to a platinum crucible, add the small filter containing 

45 
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the little silica recovered from the NaiCOj fusion residue and ignite both to constant 
weight in a platinum crucible. On account of the presence of filter paper pulp, 
the ignited residue is porous and friable; if paper pulp had not been us^, the WOj 
would be dense and not easily susceptible to the sutoequent treatment. Cool the 
ignited residue of WOi and SiOj and weigh it. Add two or three drops of H 2 S 04 
and 5 or 6 cc. of pure HF. Digest at a gentle heat for some time, and then slowly 
evaporate off the HF. When HjSO* fumes are evolved, cool and again add HF, 
digest as before, evaporate off the HF, ignite gently to expel H 2 S 04 and then 
strongly for ten or fifteen minutes. Cool and weigh. The loss in weight after 
expulsion is SiOj which multiplied by 0.4693 equals silicon. 

Determination of Manganese in Tungsten and Ferro-Tungsten 

The filtrate from the tungstic acid obtained by digesting the residue after 
evaporation to fumes of HjSO^ and digestion with dilute HCl (see tungsten deter¬ 
mination) contains all the manganese. Separate iron from this solution by means 
of a basic acetate precipitation and wash the precipitate thoroughly with a hot 
dilute solution of sodium acetate, reject the precipitate, and to the filtrate, which 
contains all the manganese, add 5 cc. of strung NILOII, add about two grams of 
(NHdsSjOs. Digest on a steam bath for 45 to 60 minutes, manganese separates 
as hydrated peroxide. Filter and wash with hot water. Dissolve the precipitate 
through the filter with ten or fifteen cubic centimeters of HjSDa containing a few 
drops of HjSOi and wash the filter paper several times with hot dilute HiSO^ 
(10%). Again filter through the same paper into a 500 cc. fla.sk and wa.sh with hot 
water. Dilute the liquid to a volume of about 200 cc. and boil it for fifteen or 
twenty minutes until all SO 2 is expelled. Nearly neutralize the solution with a 
solution of NaOH but still leave it .slightly acid, complete the neutralization by 
adding 5 grama of zinc oxide emulsified by grinding with water, heat again to 
boiling and titrate manganese in the hot solution with a N/10 solution of KMn04 
(Volhard’s Method). 

Acknowledgement is made to Mr. J. A. Holladay, Electrometallurgical Co., for 
cooperation in the preparation of these methods. 
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TANTALUM AND COLUMBIUM 

Cb, at.wt. 93.5; sp.^r. 7.06; m.p. 1050°; oxide» CbO, CbO,, CbiOt. 

Ta, at.wt. 181.5; «p.pr.l4.49; m.p. 3900°; oxides TaO,, TaiO<, 'lW>» 

DETECTION 

The finely powdered mineral is digested with strong hydrochloric acid, 
followed by concentrated nitric acid and the mixture takhn to dryness. The 
residue is treated with hydrochloric acid, diluted with water, boiled and filtered. 
The residue is digested with wann ammonium hydn)xido to remove tungsten 
and the solution filtered from the insoluble material, in which tantalum and 
columbium will be found, if present in the sample. 

Decomposition of the material may lx: effected according to the procedure 
described for the detection of tungsten, page 5.54. 

The residue obtained is digested, in a platinum crucible, with hydrofluoric 
acid and a saturated solution of pota.ssiuin fluoride added. The mixture is 
evaporated to small volume and allowed to cmd slowly. Tantalum will separate 
in acicular rhombic crystals (solubility—1 part of the salt in 200 parts of water) 
as }x>tassium fluotantalate 2KF.TaFs; columbium separates in plates as the 
double fluoride, 2KF.CbF5, if HF is in excess, or ns a double oxy-fluoride 
2KF.CbOF,, if HF is not in exceas; the columbium salt being much more 
soluble (I part of the salt in 12 parts of water) crystallizes after the crystals of 
tantalum have formed. 

The crystals may be examined under a lens and then treated ns follows: 
The needle-like crystals arc heated in a shallow platinum dish or crucible cover 
with strong sulphuric acid to fumes, the cooled mixture is transferred to a test- 
tube with water and boiled to precipitate the tantalic acid. An opalescent 
solution is obtained when this precipitate is treated with an excess of hydro¬ 
chloric acid. Metallic zinc added to this solution jjroduces no color. A light- 
brown precipitate is obtained with tannic acid in the presence of tantalum. 
If the crystals of columbium salt are treated in the same way, metallic zinc added 
to the acid solution will give a blue coloration, and tannic acid an orange-red 
coloration. Tantalic acid fused with sodium raeta-phosphate gives a colorless 
bead (distinction from silica). The bead moLstened with FeSO* and heated in 
the inner flame is not colored red. Columbic acid fused in the same way gives a 
blue bead in the reducing flame, and a red bead by addition of FeSO,, and heat¬ 
ing in the flame. , 

ESTIMATION 

Tantalum and columbium occur commonly with tungsten in nature. In the 
following minerals, however, tantalum and columbium fonn the more important 
constituents: 

Columbite, (Ta.Cb),(Fe.Mn)0,; pyrochlore, RCb,O.R(Ti.Th),; hatchet- 
tolite, 2R(Cb.Ta),0, or R,(Cb.Ta),0,: fergusonite, R{Cb.Ta)0«; yttrotan- 
talite, RR(Cb.Ta) 40 u. 4 H, 0 ; samarskite, R,Rj(Cb.Ta)«OM. 

Tantalum is used in electric light filaments; it is also used for ha^ening 
steel for drills, files, cutting edges, watch springs, and pen points. It is used 
in rectifiers for alternating currents. 
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Solution of the Sample 

The statements made for solution of the sample in determinations of tungsten 
apply here also. It is well to keep the following facts in mind: Tantalum is 
insoluble in the common mineral aeids—hydrochloric, nitric and sulphuric acids, 
but dissolves in hydrofluoric acid. Columbium is insoluble in hydrochloric, 
nitric and in nitro-hydroehloric acid, but dissolves in hot concentrated sul¬ 
phuric acid. The oxides TojOi and CbjOj fu.sed with KOH form soluble salts. 
CbaO, (not strongly ignited) is soluble in acids, from which (NH 4 ) 2 S and NH 4 OH 
precipitate columbic acid (containing ammonia). Freshly precipitated tantalic 
acid is soluble in acids, and reprecipitated by NHiOH. The acid dissolves readily 
inHF. 

Tantaliferous Minerals. Although decomposition may be effected by fusion 
with i>otassium acid sulphate, fusion with potassium hydroxide is recommended 
as being the best flux for opening the minerals. Simpson’s process is as follows;* 

Three grams of pure potassium hydroxide are fused in a nickel or silver 
crucible and the finely powdered mineral (0.5 gram) added, the contents mixed 
by gently rotating the crucible and fusion kept at a dull red heat for ten min¬ 
utes longer. The crucible placed in a hole in an asbestos board. Fig. 65, is 
heated over a free flame for half an hour, the sample being covered. The lid is 
removed and allowed to cool reversed, if any material clings to this. The cooled 
crucible, placed in a beaker, is two-thirds filled with distilled water, and a clock- 
glass immediately placed over the beaker. After the violent reaction has sub¬ 
sided the contents of the crucible arc poured into about 10 cc. of dilute hydro¬ 
chloric acid (sp.gr. 1.08) in a 300-cc. beaker, and the crucible, basin and the 
lid washed with water, followed by about 20 cc. of the dilute acid, and again 
with water, adding the washings to the remaining solution. The total volume of 
the solution should occupy from 80 to 100 cc. A drop or two of alcohol are 
added to destroy any potassium manganatc forn\ed. 


Separations 


Isolation of Columbium and Tantalum Oxides. Separation from iron, 
man^nese, copper, cobalt, nickel, calcium, magnesium, titanium, and tin. The 
solution obtained above is boiled with 5 to 10 cc. of hydrochloric acid (sp.gr. 
1.16) (less acid may be used if titanium is absent). Columbium and tantalum 
hydroxides are precipitated. The solution is now diluted to 200 cc. and boiled 
for fifteen minutes longer to make sure that the precipitation is complete. After 
settlmg,* the clear solution is decanted through a close-grained filter and the 
residue, having Ixsen transferred to the filter, is washed with dilute hydrochloric 
acid ( 8 p.gr. 1.08) until the washings give no indication of iron. The residue may 
contain tantalum, columbium, tungsten, silica, antunony and tin. The greater 
part of the tin, titanium, and all of the iron, manganese, cobalt, nickel, copper, 
calcium and magnesium are removed in the filtrate. 


- .-r becomes turbid, it is advisable to dilute the solution and 

repeat the boiling to recover the columbium and tantalum that may still be in solution. 


In the presence of appreciable amounts of titanium a soluble double chloride 
of columbiuiQ and titanium is formed, so that the precipitation of columbium 


• E. S. Simpson, Chem. News, # 9 , 243 ,1909. 
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is not complete. (See L. Weiss and Landecker, Chem. News, 101, 2, 13, 26, 
1910.) The formation of this compound is hindered by the addition of aii 
oxidizing agent—sodium nitrate—to the alkali. 

Removal of Tm, Antimony, Tungsten and Silica. Tungsten is removed 
by digesting the moist precipitate with ammonium hydroxide or sulphide, tungsten 
being soluble in these reagents. Antimony and Tin are also removed. 

Silica is volatilized by heating the residue with sulphuric and hydrofluoric 
acids according to the standard procedure. 

Tin. The oxide may be reduced with hydrogen passed over the heated 
residue within a boat placed in a combustion tube. The tin may now be dissolved 
out with hydrochloric acid. 

Determination of Columbium and Tantalum 

The insoluble residue obtained, freed from other elements by the procedures 
outlined, is ignited at a red heat for fifteen or twenty minutes and the residue 
weighed as Cb,Oi4-TajO«. 

Separation of Columbium and Tantalum, Selenltim Oxychloride Method .> 

The method depends on the solubility of columbium oxide and the com¬ 
parative insolubility of tantalum oxide in a mixture of sulphuric acid and 
selenium oxychloride as found by Victor Lenher.’ 

The method worked out by H. B. Merrill is as follows:— 

The oxides are separated together with titanium dioxide from the other 
elements by the usual methods and the total percentage of titanium and 
columbium pentoxides (with titanium) is determined. 

A weighed sample (0.2—0.3 g.) of the ignited oxides is boiled with 50 cc. of 
a 1 :1 mixture of selenium oxychloride and strong sulphurid acid (sp. gr. 1.84) 
in an Erlenmeyer flask, on a sand bath for half an hour, avoiding heating to 
voluminous fumes. After cooling the solution is carefully decanted from the 
residue, with suction, through asbestos in a Gooch crucible that has been 
weighed. The filtrate is poured into a large volume of water and the solution 
boiled. A white precipitate indicates the presence of columbium. The resi¬ 
due in the fla.sk is again extracted with 20 cc. of the reagent for fifteen minutes, 
the extract being poured through the asbestos filter and the filtrate tested as 
before for columbium. The process is rcfxjated until the filtrate upon hydrol¬ 
ysis gives only a faint precipitate, due to traces of dissolved tantalum pent- 
oxide. Three or four extractions are usually sufficient. 

The undissolved tantalum pentoxidc is transferred to the crucible vjth a 
jet of water from a wa.sh bottle, washing unnecessary. The crucible is ignited 
and weighed, the gain in weight representing tantalum {wntoxide. 

Columbium (with titanium) is determined by difference. If titanium is 
present it is determined colcrimetrically in a separate sample and its amount 
deducted from columbium. 

* Henry Baldwin Merrill, Jour. Am. Chem. Soc. 43, 2378 (Nov. 1921). 

’Victor Lenher, Jour. Am. Cl|em. Soc. 43, 21 (1921). 
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fj( at.wt. 238.17; sp.ffr. 18.7; m.p. <1850° C.;* oxMea UO,, T)Oi, 
{oxide UjOa, formed by Ipnilion-UOj+SUOi) 

DETECTION 

The mineral is warmed with a slight excess of nitric acid (1:1) until decom¬ 
position is complete. The solution is diluted with water and then an excess of 
sodium carbonate added and the mixture boiled and filtered. Suffieient nitric 
acid is added to neutralize the carbonate, and after expelling the COa by boil¬ 
ing, sodium hydroxide is added to the filtrate. A yellow precipitate is fonned 
in presence of uranium. The precipitate is insoluble in an exce.s8 of the reagent, 
but dissolves in ammonium carbonate. 

Vranoua salts are green or blue and form green or bluish-green solutions, 
from which alkalies precipitate uranous hydroxide, reddish brown, insoluble in 
excess, but readily dissolved by aimnonium carbonate. Uranous salts are strong 
reducing agents. 

Vranyl sails (UOa-Ra) are yellow. Alkali carbonates give a yellow precipitate, 
soluble in excess. UOi is regarded as a basie radical, known as “ uranyl.” The 
radical migrates to fie cathode, ujxin electrolysis of a uranyl solution. Uranyl 
salts are morn stable than uranous and are better known. 

Potassium ferrocyanide, K 4 Fc(CN)ii, added to uranous or uranyl solutions 
gives a reddish brown precipitate (or a red color in dilute solutions). The 
precipitate diasolves in a large excess of HCl. If sufficient ferrocyanide is 
present the color changes to green on boiling. Addition of sodium hydroxide 
to the ferrocyanide precipitate of uranium changes the color to yellow. (Dis¬ 
tinction from cupric ferrocyanide. Ferrocyanide gives a green precipitate 
with vanadium, the color deepens on addition of nitric acid. A blue color is 
produced with ferric iron. No color change with chromates. Distinction 
from vanadium, chromium and iron.) 

Bar,ium carbonate precipitates the uranic ion completely (distinction from 
the ions of nickel, cobalt, manganese, zinc). 

Disodium hydrogen phosphate added to uranyl solutions, in presence of alkali 
acetates ol- free acetic acid gives a yellowish white precipitate, U 02 HP 04 '* HjO, 
soluble in mineral acids. Warming promotes precipitation. 

Tartaric acid, certain organic compounds, hydroxylamine hydrochloride, 
ammonium carbonate, prevent precipitation of uranium by alkalies and 
ammonia. 

A, Oxides UOj, brown or bl.ack; UO 3 , brick red; U 02 ( 0 H)j, yellow. All oxides 
are converted to UjOa on ignition with free access of air. 

Chapter by Wilfred W. Scott and Albert H. Low. 
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ESTIMATION 

The element occurs in the following minerals:* 

Pitchblende, or uraninite, containing 40 to 90% U»Ot. 

Autunite, Ca(U0i)»Pj08-8Hj0, contains 55 to 62% UO.. 

Torbemite, Cu(UOa)j'P!Of8HjO, contains 57 to 62% UOi. 

Camotite, a vanadate of potassium and uranium, ViOj-UiOi-KjO-SHiO. 

Samarskite, a urano-tantalate of iron and yttrium, etc., 10 to 13% UO.. 

Fergusonite, a columbate of cerium, uranium, yttrium, calcium and iron. 

Nearly all the silicates, phosphates and zirconates of the rare earths contain 
uranium. 

The element is used in the ceramic industry for producing yellow, brown, gray, 
and velvety-black tints. It produces canary-yellow glass. It is used as a mor¬ 
dant in dyeing of silk and wool. It also hnds use in photography. The metal is 
used in cigarette-lighters and self-lighting burners. 

Preparation and Solution of the Sample 

The dement dissolves in hydrochloric and in sulphuric acids; less readily in 
nitric acid. It Is insoluble in alkaline solutions. 

The oxide, UO., dissolves in nitric acid and in concentrated sulphuric acid. 

U.Os is readily soluble in nitric acid, but dissolves with difficulty in hydro¬ 
chloric acid. V.O. dissolves with difficulty in nitric acid but easily in hydro¬ 
chloric (red colored solution); U.O* is readily soluble in a mixture of glacial 
acetic-nitric acids (100 : 5), V.O. and Fe.O. (ignited) are practically insoluble 

in this reagent. .... 

The salle, UF, and U 02 (HP 04 )j-4H,0, are insoluble in water, but dissolve in 

strong mineral acids. 

Solution of Ores. One gram or more of the ore is dissolved with 15 to 20 cc. 
of aqua regia, by placing the mixture first on the steam bath for ten to fifteen 
minutes and then gently boiling over a low flame or on the hot plate. The solu¬ 
tion is taken to dryness, silica dehydrated as usual, the residue treated with 10 
cc. of hot dilute hydrochloric acid and diluted to about .50 cc. with hot water and 
the silica ffitered off. Uranium passes into the filtrate. The solution is now 
treated as directed under Separations. If much silica or acid-insoluble matter 
is present, this should be treated in a platinum dish with strong hydrofluoric acid, 
and evaporated twice on the steam bath with hydrochloric acid to expel HF. 
The residue, dissolved with hydrochloric acid and water, is added to the first por¬ 
tion of solution obtained. 

Camotite. Solution of the ore is readily effected by boiling with nitric 
acid to which a little hydrofluoric acid is added. One gram of ore with 20 cc. 
nitric acid and 5 cc. hydrofluoric acid at boiling temperature will be completely 
decomposed in five minutes. Some authorities recommend^ addition of sul¬ 
phuric acid with ores containing barium to break up the combination of barium 
and uranium. If the lead acetate separation of vanadium is used, the sulphuric 
acid should be expelled previously to this separation. Consult the gravimetric 
procedures following the section on “Separations.” 
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SEPARATIONS 

Separation of TTranlum from Copper, Lead, Bismuth, Arsenic, Antimony 
and the Other Members of the Hydrogen Sulphide Group. The solution 
containing uranium, etc., having an acidity of about 6 cc. strong HCl per 100 cc. 
of solution, is saturated with hydrogen sulphide and allowed to settle and again 
saturated with HjS. The sulphides are filtered off and washed. The filtrate 
and washings contain the uranium that was present in the sample. 

Separation of Uranium from Iron and from Elements Having Water- 
insoluble Carbonates. The filtrate from the hydrogen sulphide group is con¬ 
centrated to about 150 cc., and 15 cc. of hydrogen peroxide added. The solution 
is now neutralized with sodium carbonate and about 3 grams added in excess. 
After boiling for about twenty minutes, renewing the water evaporated, the 
hydroxide of iron, insoluble carbonates, etc., are filtered off, washed with hot 
water and the filtrate set aside for the determination of uranium. To recover 
any occluded uranium the precipitate is dissolved in just sufficient nitric acid to 
effect solution, and iron again precipitated by addition of hydrogen peroxide and 
sodium carbonate and boiling as directed above. The combined filtrates from 
this precipitate are concentrated to about 2.50 cc. 

Separation of Uranium from Vanaditun. Procedure 1. To be Used in the 
Gravimetric Determination of Uranium. The solution obtained as directed, 
under the previous separation, is acidified with nitric acid, adding a slight ex¬ 
cess, and COj expelled by boiling. The acid is now neutralized with ammonia 
in slight excess, then re-acidified with nitric acid in slight excess, finally adding 
about 4 cc. of the strong acid additional. Vanadium is now precipitated as 
lead vanadate by adding 10 cc. of a 10 % solution of lead acetate, followed 
by sufficient strong ammonium acetate solution (1 vol. strong NH 4 OH -f 1 
vol. HjO -|- sufficient glacial acetic acid to ncutralidAhe NIIiOU) to neutralize 
the free nitric acid (about 20 cc.). The prccipitjRu lead vanadate is allowed 
to settle for a couple of hours on the steam bath, and is then filtered off (re¬ 
turning the first portions if not perfectly clear) and washed well with hot 
water. The uranium passes into the filtrate. 

The excess of lead remaining in the filtrate is next removed. A marked 
excess of ammonia is added to the hot filtrate, which is then boiled for about 
a minute and filtered. No washing reciuircd. The precipitate contains all 
the uranium as ammonium uranate, perhaps some ferric and aluminum hy¬ 
droxides and a portion of the lead. Most of the lead passes into the filtrate, 
which is discarded. The precipitate is now treated on the filter with a strong 
hot solution of ammonium carbonate containing a little free ammonia until 
all the uranium is dissolved and then washed with the same solution diluted. 
Most of the admixed lead and other impurities remain on the filter, the lead 
as carbonate. Sufficient strong hydrogen sulphide water is now added to the 
filtrate, or the gas is passed to precipitate all the lead remaining. The mixture 
is heated to boiling and then allowetl to stand until clear. Any iron present 
is precipitated with the lead. Finally, the uranium solution is filtered off and 
the precipitate washed with hydrogen sulphide water containing a little am- 
“ monium carbonate. The filtrate is boiled to expel the hydrogen sulphide and 
ammonium carbonate and concentrated to 200-250 cc. Uranium is now 
precipitated and determined by the gravimetric procedure given on page 581a. 
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Procedure 2. To be Used in the Volumetric Determination of Uranium, 

The separation of vanadium from uranium may be effected by precipitation of 
the latter as a phosphate according to the following procedure. The solution is 
heated and allowed to run in a small stream through a funnel with constricted 
stem, into a boiling solution of 15 grams of anunonium acetate, 5 grams of micro- 
cosmic salt dissolved in 100 cc. of water containing about 5 cc. of glacial acetic 
acid. A rod, with a cup-shaj)ed tip, placed in the solution prevents bumping. 
The mi-xture is allowed to boil for a few minutes, the beaker is then removed from 
the heat and the precipitate allowed to settle. Thus is now transferred to a filter 
after first decanting off the clear solution. It is washed once with hot water, 
then washed back into the beaker and dissolved in a small amount of hot dilute 
nitric acid, the precipitate clinging to the filter being dis.solved off by the acid, 
which is allowed to run through the filter into the beaker. This nitric acid solu¬ 
tion containing the vanadium is diluted to about 75 cc. and the uranium (together 
with aluminum if present) again precipitated as the phosphate according to the 
procedure described. The precipitate is again transferred to the filter previously 
used, and washed off with hot water four or five times. Vanadium pisses into 
the filtrate. The phosphate is now dissolved off the filter with 15 cc. of hot dilute 
sulphuric acid (1 : 3), and uranium determined by titration with pennanganate 
according to the directions given under the volumetric method descrilxid later. 

Glacial Acetic Method for Separating Uranium from Vanadium.* Uranium 
nitrate or oxide dissolves readily in a mixture c)f glncinl acetic acid and nitric 
acid, 20 parts of the former to 1 part of the latter. The nitrate and oxide of 
vanadium are insoluble in the reagent. Addition of water causes vanadium to 
dissolve. See method for determining uranium in Carnotite under the “ Gravi¬ 
metric” methods. 

Separation of Uranium from Molybdenum, Tungsten and Vanadium.* 
The residue obtained by evaporating a mixture of uranyl nitrate and nitric 
acid with ammonium molybdate, or sodium tungstate, or sodium vanadate 
to dryne.ss, is slightly moistened with nitric acid (5 cc. HNO,i—1.42) and ex¬ 
tracted with ether; uranium dissolves completely while molybdenum, tungsten 
and vanadium remain insoluble. The evaporation is conveniently conducted 
in a glass boat of a size that may be placed in the paper thimble of a Soxhlet 
extraction apparatus, commonly used with volatile solvents. The extraction 
is generally complete after the ether has siphoned over five or six times. 

* Peligot, Ann. Chem. Phys., (3) 5 (1842). C. Pierl^, Jour. Ind. Eng. Chem. 21, 
60 (1920). 
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GRAVIMETRIC DETERMINATION OF URANIUM AS THE 

OXIDE, UaOg 

Procedure. The filtrate containing the uranium, as obtained according to 
the method given, under “Separations,” is made slightly acid with nitric acid 
and boiled for a short time to ensure the absenee of CO,, then ammonia is 
added in marked excess, the mixture boiled for about a minute more and 
filtered. No washing necessary. Either paper or a weighed Gooch crucible 
may be used for the filtration. The precipitate is dried and ignited to the 
oxide UtO$, in which form it is weighed. 

U,Og X 0.8482 = U. 

Nonss. The purity of the oxide may be ascertained by dissolving in HNO, and 
testing for vanadium with HjO, and for A1,0, by adding (NUdsTO,. 

Tri^well recommends that the oxide be reduced by hydrogen passed over the 
red-hot residue, the brown UO, being formed. The oxide is cooled in a current of 
hydrogen. 

GRAVIMETRIC METHOD FOR URANIUM IN ORES* 

Take 0.5 gram of the finely ground ore, or more, according to richness. 
Treat by heating gently in an ^oz. “copper flask” with nitric or hydrochloric 
acid, or both, together with about 1-2 cc. of hydrofluoric acid, to effect complete 
solution of the uranium. Sometimes galena is present, in which case it is 
best to start with 10 cc. or more of hydrochloric acid and heat until the galena 
is decomposed. Whenever hydrochloric acid is used, boil almost to dryness to 
expel most of it before continuing. To this residue, or to the original ore, if 
hydrochloric acid appeared unnecessary, add 10 cc. of nitric acid and 1-2 cc. 
of hydrofluoric acid. Boil very gently to effect complete decomposition, and 
finally to approximate dryness. Allow to cool, add 3 cc. of nitric acid and 
60 cc. of hot water, and see that everything soluble is dissolved. 

Now^ make slightly alkaline with ammonia, then just acid with nitric acid, 
and again alkaline with a little solid ammonium carbonate, followeil by about 
5 cc. of strong ammonia and 3-4 grams^nore of ammonium carbonate. 

Boil for about a minute and then filter, having a wetted wad of absorbent 
cotton in the apex of the filter. . Wash twice with hot water. Boil and con¬ 
centrate the filtrate in a covered beaker during the next step. 

Dissolve the precipitate on the filter with a little hot dilute nitric acid, re¬ 
ceiving the filtrate in the original flask. Again neutralize and precipitate as 
before, washing this second precipitate well with hot water. Add the filtrate 
to the first one and continue the concentration to 150-200 cc. Now acidify 
with nitric acid, and then, in case of doubt, add about 1 cc. of hydrogen per¬ 
oxide. A reddish brown color indicates vanadium. 

A. Vanodtum Present .—Boil to expel any remaining CO,, make just alkaline 
with ammonia, then just acid with nitric acid, finally adding about 4 cc. of the 
latter in excess. The appearance of the liquid is usually a sufficient indication 
of the neutralization points. Now add 1 gram of lead acetate crystals and 
tten sufficient ammonium acetate solution (about 20 cc.) to neutralize the 
nitric acid and precipitate the lead vanadate. Boil for about 10 minutes and 
then filter through a double filter, returning the first portions if not perfectly 

• By Albert H. Low. 
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clear. Wash with hot water. Receive the filtrate in a large beaker. If 
bulky, boil down to perhaps 200-250 ce. Now add ammonia in marked ex¬ 
cess and boil for a minute to expel any CO*. Filter hot,* paying no attention to 
a turbid filtrate unless it is yellowish (in whieh case wash the precipitate once 
with hot water, re-acidify the filtrate with nitric acid, heat to boiling and again 
precipitate with ammonia, filtering through the previous precipitate). No 
washing required. Place the last beaker under the funnel and fill the latter 
with a strong hot solution of ammonium carbonate, to which some free am¬ 
monia has been added. Usually one filling is sufficient to dissolve all the 
uranium and leave a white residue of lead carbonate, perhaps slightly dis¬ 
colored by a trace of iron. Wash with hot water, using a little more of the 
ammonium carbonate solution, if apparently necessary. Add to the filtrate 
sufficient strong hydrogen sulphide water to precipitate ail the remaining lead 
(ordinarily 25 cc. of strong hydrogen sulphide water), or pass the gas for a 
short time. This also removes traces of iron. Heat to boiling, then allow to 
stand and settle. Filter, washing with hydrogen sulphide water containing some 
ammonium carbonate. Boil to expel the sulphide, then acidify with nitric 
acid and boil oft all COj. Continue according to C. 

B. Vanadium Abxcnl .—Boil the nitric acid solution sufficiently to expel 
all CO 2 , then add ammonia in marked excess and boil a little longer to expel 
any C02 in the ammonia. Filter the hot mixture, returning the first portions 
if not perfectly clear. No washing required. Dissolve the uranium on the 
filter with hot ammonium carbonate solution, as described in the last para¬ 
graph, and continue from this point as in the same situation above. Do not 
omit the hydrogen sulphide treatment, for, even in the absence of lead, there 
will usually be traces of iron to be remove<l. Continue according to C. 

C. Add ammoni.a in marked excess, boil well for one minute and then 
filter through an ashless filter, returning the first portions if not clear. No 
washing reciuired. Ignite filter and precipitate thoroughly in a porcelain 
crucible and weigh, after cooling, as UaOg. Impurities are usually present. 

Dissolve the residue in the crucible by warming with a little nitric acid. 
Dilute and test for vanadium with hydrogen peroxide. A faint brownish 
tinge may be neglected. Rinse the solution into a small beaker, add solid 
ammonium carbonate in excess, boil a minute or two and then filter through 
a small filter, washing with hot water. The residue on the filter may consist 
of alumina and other insoluble matter. Ignite filter and residue in the original 
crucible, weigh and deduct the weight from that of the impure UjOs previously 

found. . t 

Ammonium Acetate Solution .—Kighty cc. of strong ammonia, 100 cc. of 
water and 70 cc. of 90 per cent, glacial acetic acid. 

Note.— A yellow filtrate from the ammonium uranate indicates incom¬ 
plete precipitation. This may be due to a deficiency in ammonium nitrate, 
as ammonium uranate is perceptibly soluble in pure water. Add a ^am or so 
of ammonium nitrate to the filtrate, boil and refilter. Or, better, dissolve the 
precipitate on the filter with dilute nitric acid, so that the mixed filtrates will 
be markedly acid, and repeat the precipitation with ammonia. The filtrate 
should be colorless. 
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GLACIAL ACETIC ACID METHOD FOR DETERMINING 
URANIUM IN CARNOTITE* 

The following method depends upon the fact that uranium nitrate or oxide 
IS soluble in a mixture of glacial acetic and nitric acids in the proportion of 20 
parts by volume of the former to 1 part of the latter, while vanadic nitrate and 
oxide (VjOs) arc not.* 

Procedure 

Half a gram or more of carnotite ore according to its richness (ground to 
pass 100-mesh sieve) is taken for analy.sis and digested at boiling temperature 
with 25 cc. dilute HNOj (1 : 1) and 1-2 cc. HF. (An amount that will fill 
a small crucible lid.) The .solution is rapidly evaporated to dryness and baked 
gently to expel water, but not ignited. 

Fifteen to 20 cc. of glacial acetic-nitric reagent (20 : 1) arc added, rinsing 
down the sides of the beaker to remove any adhering material, using a policeman 
if necessary. (The reagent may be conveniently handled in a small wash 
bottle, the transferring of precipitates and washing with the reagent being 
necessary, no water being used at this stage.) The residue transferred to a 
filter is washed with the reagent five or six times, using small portions of the 
mixture. 

The filtrate and glacial washings are rapidly evaporated to dryness and the 
residue again extracted with glacial-nitric acids.* This extract, free from 
vanadium,* is evaporated to dryness, and gently hcate<l over a free flame until 
the residue turns dark.* Ten cc. of nitric acicl and 40 cc. of water are added 
and the mixture heated to dissolve the uranium. 

The greater jiart of the free nitric acid is neutralized by addition of ammonia 
(no permanent precipitate should form). Solid ammonium carbonate is added 
(covering the beaker during the intervals between additions of the carbonate 
ns loss will occur through effervescence in r.n uncovered beaker) until a pre¬ 
cipitate forms that remains undissolved on stirring. 2-.3 grams additional 
ammonium carbonate nml 5 cc. of ammonium hydroxide are now added and 
the solution warmed to coagulate the hydroxides of iron and aluminum. 
Uranium passes into solution. 

The precijiitate is filtered off and washed with hot water. The filtrate and 
washings (concentrated by boiling to about 150 cc.-200 cc. if the volume is 
large) is acidified with nitric acid (uranium precipitates andre dissolves).* 
Carbon dioxide is expelled by boiling and a decided excess of ammonium hy¬ 
droxide added. The boiling is now continued until uranium precipitates com¬ 
pletely. If the supernatant solution is yellow, it is again acidified with nitric 
acid, followed by an excess of ammonium hydroxide and the boiling repeated. 
Tliis generally effects complete precipitation.* 

The precipitated uranium is filtered off, washing being unnecessary. The 
filter and precipitate are placed in a crucible, the greater part of the water 
expelled by drying and the material then ignited. The greenish black residue 
is weighed as llsOg. 

This residue should be soluble when boiled with nitric acid.* If it is not, 
contamination by iron and aluminum is indicated. Any residue remaining 
sifould be filtered off, then washed free of uranium with hot water, and ignited. 
Its weight is subtracted from the uranium oxide to obtain the true value of 
U,0,. 

Notes. 1. C. A. Pierl<5, Jour. Ind. Eng. Chem. 12, 61, 1920. 

• Method by Wilfred W. Scott. 
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2. Uranium dissolves completely in the glacial-acetio mixture. A small 
amount of the vanadium may dissolve, hence the extract is evaporated and 
the residue again extracted. A smaller quantity of the reagent may be used 
in this second extraction. 2.5 cc. of the reagent will dissolve, at boiling tem¬ 
perature, about 4..5 grams of UjOs in five minutes and about 0.003 gram of 
VjOs. The proportion of glacial acetic acid to nitric acid should not fall below 
10 : 1, otherwise vanadium will dissolve in appreciable amount. The author 
uses a round bottom flask filled with cold water, placing this over the beaker to 
act as a condenser to prevent loss of acetic acid. 

3. The acetic acid extract filters rapidly. The red colored residue contains 
the vanadium and practically all of the silica, iron and alumina. 

4. The residue is ignited to destroy organic matter which would prevent 

precipitation of uranium by ammonia. • i i, 

5. Uranium carbonate precipitates and then dissolves m the acid wnen 
present in excess. COj must.be expelled as this prevents precipitation of 
uranium by ammonium hydroxide. 

6. A colored solution indicates the presence of uranium, the nitrate 
formed by acidification with IINOj ami niaking alkaline with ammonia with 
additional boiling insures complete precipitation of uranimn. 

7. Nitric acid dissolves uranium oxide very easily. The oxide of iron is 
practically insoluble. Vanadic oxide difficultly soluble. 

8. Hydrogen peroxide added to the nitric extract will produce a reddish 

brown color if vanadium is present. • 

Wash water used in transferring the uranium precipitate should contain 

ammonium nitrate to prevent solution of uranium. 

DETERMINATION OF URANIUM IN CARNOTITE 

The following method, worked out by C. E. Scholl,' is ailapted for eliminating 
the difficulties in an accurate determination of uramutn, caused by the presence 
of iron, alumina and vanadium, which commonly occur in carnotite. 

Procedure. To the sample of material contanung alxmt 0.2 gram uranium 
oxide, are added 2.5 to 50 cc. 1 : 1 nitric acid and heat applied until all the uranium 
il in Solution. If neces-sary, allow to stand on the water bath to keep warm over¬ 
night. After diluting with warm water to 2.50 cc. the solution is filtered, f ernc 
chloride, equivalent to aliout three times the weight of van^iurn pre.scnt, i.s 
To the cold or slightly wann solution solid sodium carbonate is now added in small 
portions until all the acid is neutralizeil ami then an (excess of 1 gramthe 
beaker being kept covered during the intervals lietwmi the additions. The 
is placed on a hot plate and heated to about 90 ( ., but not to boihng. After 
keeping hot for 15 minutes, the solution is filtered and washei. The residue 
contains all the iron and vanadium and the greater part of the aluminum. The 
filtrate is neutralized cautiously with nitric acid until uranium tegins to precipitate. 
The greater part of the CO* is removed by boiling. txKlium hydroxide is now added 
in excess and after boiling 15 minutes the solution is filtered. The filtrate 
the remainder of the aluminum and the vanadium mit previously precipitat^. 
The precipitate contoining the uranium is dissolved in dilute nitric Mid and heat^ 
to 90“ C. and an excess of NH^OH added and the solution boiled. The precipitate 
is filtered off, ignited and weighed as uranium oxide, UjO«. ^ 

The oxide is tested for its purity with nitric acid as in the previous method. 

•Jour. Ind. Ene. Chem.. Vol. 11, No. 9, p. 842, Sept., 1919. 
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VOLUMETRIC DETERMINATION OF URANIUM BY 
REDUCTION AND OXIDATION 

Introduction. The determination of uranium by oxidation of the lower oxide 
VO, to VO, may he accomplished by means of potassium permanganate in pre- 
eiaely the same manner as in the determination of iron, the Jones reductor 
being used for the reduction of the uranic salt to the ursnous form. The metal 
naust be in solution either as a sulphate, a chloride or an acetate, but not as a 
nitrate. If present as a chloride the usual preventative solution of phosphoric 
acid and manganous sulphate solution must be present as in case of the titration 
of a chloride of iron, hence a sulphate solution is to be preferred. Although the 
deg^ of reduction varies with conditions, it is found that with brief contact 
with the oxygen of the air the oxide UO 2 is formed.* 

ftocedure. Solution. The method for preparation of the sample, isolation 
of the uramira, has been given under Preparation and Solution of the Sample 
solution from the ammonium carbonate precipitate is 
acidified with sulphunc acid and boiled to expel the CO,. 

iKn****”'**®**' ■ uranium sulphate solution, diluted to a volume of 100 to 
1^50 cc., containing one-sixth of its volume of sulphuric acid, is heated nearly to 
boumg and the organic matter that may be present oxidized by addition of just 
su^ient pot^ium jiermanganate solution to produce a faint pink color. Fifteen 
to 20 cc. of dilute sulphunc acid are passed through the 18-in. column of zinc in 
the Jones reductor, followed by the hot uranium sulphate solution, flowing very 
slowly fifteen to twenty-five minutes being required for 0.2 gram uranic oxide, 

• *0 rajnutes for 0.3 gram of the oxide, care lieing taken that the liquid 

m the reductor always covers the zinc.» The uranic solution is followed by 10 to 
15 cc. of dilute 1 l 6 solution of sulphuric acid. 

Titration. The olive-green solution is poured into a beaker or casserole 
The lower oxides are mimediately oxidized to UO, by the air, as seen by the slight 
change of color to sea green. The hot solution is now titrated with tenth normal 
peraian^nate. Ihe solution during titration gradually becomes more and more 
yello^h green, m the highest oxidation is approached, until a faint pink color 
IS obtained. With largt! amounts of uranium the color appears a yellowish pink. 

One cc. N/10 KMnO4=0.11925 gram U. 

Noth. 66.85 grams Fo is equivalent to 119.2.5 grams U.—Sutton. 

C. A. Pierl6* claims that high results are obtained by this method. 

1«, mJr. Am. Jour, Sc. (4), 
resu’lte^^lSdi^””**'’ hydrogen in contact with air would vitiate 
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Determination of Uranium in Alloy Steels and Ferro-Uranium» 

The following method provides for the analysis of steels containinit Cr 
Mo, V, W, Co, Ni, C, Mn, Si, A1 and Ti. ' 

A 2 g. sample is dissolved in 75 cc. of 1 : 1 hydrochloric acid. After 
solution is complete the solution is oxidized by the dropwise addition of nitric 
acid. In the case of samples where tungsten is present an easily filterable 
product is obtained by diluting to 300 cc. and boiling for 15 min. The 
tungstic oxide is then filtered out and washed, the filtrate and wash waters 
being returned to the original beaker for evaporation to dryness, followed by 
baking at a moderate temperature. On dissolving the residue with 60 cc. of 
1 : 1 hydrochloric acid and diluting with hot water, a solution is obtained 
from which the balance of the silica and the last traces of tungsten can be 
separated by filtering. The two precipitates after washing are available for 
the determination of tungsten and silicon by the usual methods. Filtrates 
and wash waters from these precipitates are combined and evaporated to a 
syrupy consistency in preparation for the extraction of most of the iron with 
ether. In the absence of tungsten the original solution is evaporated to 
dryness and baked with the object of removing silica. After the extraction 
of the iron, the aqueous layer is evaporated to a small volume to free it from the 
excess of acid. It is then diluted to a volume of 150 cc. with hot water, and an 
excess of sodium carbonate in the form of a saturated solution is added. This 
solution is boiled and, after settling, filtered, the precipitate being washed 
with hot water., The precipitate consists of the hydroxides of chromium, 
iron, manganese, cobalt, nickel, copper, and aluminum, if all of these elements 
are present, together with traces of silica, titanic oxide, phosphorus, and 
vanadium compounds. The filtrate contains uranium, molybdenum, vana¬ 
dium, and traces of the elements which occur chiefly in the precipitates. 

Bulky precipitates should be dissolved in hydrochloric acid and repre¬ 
cipitated one or more times with sodium carbonate solution to insure a complete 
separation of the uranium. 

All filtrates from the precipitate arc cautiously acidified with sulphuric 
acid and boiled long enough to insure the complete removal of all carbon 
dioxide. Ammonia free from carbonate is then added in slight excess. Boiling 
precipitates the uranium, much of the vanadium, and traces of impurities. 
The molybdenum is left in the filtrate. Steels contain only small amounts 
of phosphorus and the contamination of the uranium from this source is usually 
negligible. If the amount of phosphorus is large, it may be necessary to 
dissolve the precipitate in nitric acid, and after suitable oxidation, piecipitate 
the phosphoric acid with ammonium molybdate. The phosphorus can then 
be removed as ammonium phosphomolybdatc. The uranium and vanadium 
may be reprecipitated from this filtrate along with the manganese, if per¬ 
manganate is used to oxidize the phosphorus, by adding a few drops of sul¬ 
phuric acid, a small amount of ammonium persulphate, and enough carbonate- 
free ammonium hydroxide to give an excess. The precipitate obtained^ by 
boiling the solution is in the condition corresponding to the first uranium 
precipitate mentioned above. 

The impure uranium precipitate containing phosphorus in negligible 

> By G. L. KcUey, F. B. Myers and C. B. Illingworth, Jour. Ind. & Eng. Chem., 
Apr., 1919. 



682b 


URANIUM 


amounts, or free from it, is transferred to a beaker with a little water and 
solid ammonium carbonate added. On heating this solution under conditions 
and for a time calculated to result in only a partial decomposition of the 
ammonium carbonate, the uranium and vanadium go into solution leaving 
the manganese, iron, and other impurities undissolved. The filtrate is acidified 
with sulphuric acid and boiled until free from COj, when a slight excess of 
carbonate-free annnoniuin hydroxide is added. This precipitates only the 
uranium and vanadium. 

The combined precipitates of uranium and vanadium are ignited at dull 
redness in a platinum crucible, allowing free acce.ss of air to rcoxidize any 
reduced material. The ignited residue is weighed as UjOs-t-VaOj. In general, 
only a small part of the vanadium is present in this precipitate, thus making 
it unavailable for the vanadium determination. It is necessary, however, to 
determine the vanadium to correct the weight of uranium oxide. This may 
bo done by almost any of the several known methods for determining vanadium. 
To this end we determine the vanadium after reduction with hydrochloric 
acid by permanganate titration, and by oxidation with ammonium persulphate 
and silver nitrate, followed by electrometric titration. The latter method is 
the more certain and convenient, but the former gives entirely satisfactory 
results. For the purpose of either method the precipitate is dissolved in 50 cc. 
of concentrated hydrochloric acid and evaporated with 30 cc. of sulphuric 
acid (sp. gr. 1.3<S) until fumes apjjcar. When the titration is to be completed 
with permanganate, the sulphuric acid solution is diluted to 250 cc. with hot 
water and titrated at 80° Ch to the first pink color. At the same time like 
quantities of sulphuric and hydrochloric acids are evaporated, diluted, and 
titrated in similar fashion to obtain a blank correction for the vanadium. 
When the titration is to be made electrometrically, the sulphuric acid solution 
is diluted to 250 cc. with hot water, oxidized with silver nitrate and ammonium 
persulphate and titrated with ferrous sulphate. The weight of vanadium so 
found is multiplied by 1.784 to convert it into the corresponding weight of 
the oxide ViOi. This weight is subtracted from the weight of the residue 
UjOa-fVaOt. The corrected weight of the oxide UsO« is converted into the 
corresponding weight of uranium by multiplying by 0.8483 from which the 
percentage of uranium can be calculated. 
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V, at.wt. S0.96; sp.ffr. 6.025; m.p. 1720° C.; oxides ViO, VjOs, VtOi, V. 04 , 
ViOs; vanadates—meta NaVO„ ortho NaiVO« pyro Na 4 Vj 07 , tetra 
Na>HV,Oir, hexa Na,H,V,0„. 

DETECTION 

Ammonium Sulphide or Hydrogen Sulphide passed into an ammoniacal 
solution of vanadium precipitates brown VjSj, soluble in an excess of “■•k'lli sul¬ 
phide and in alkalies, forming the brownish-red thio- solution, from which the 
sulphide may be reprecipitated by acids. .. , ^ • j 

Reducing Agents. Metallic zinc, sulphites (SO^), oxalic acid, tartaric acid, 
sugar, alcohol, hydrogen sulphide, hydrochloric acid, hydrobromic and hydriodic 
acids (KI) reduce the acid solutions of vanadates with formation of a blue-colOTea 
liquid. (See Volumetric Methods.) Reduction is hastened by heating. 

Hydrogen Peroxide added to a cold acid solution of vanadium produces a 

browt color, changing to blue upon application of heat. 

Solid Ammonium Chloride added to a neutral or slightly alkaline solution 
of a vanadate precipitates the colorless, crystalline silt, NH.VO., insoluble m 
immonium chloride. The ammonium metavanadate ignited is decomposed, 
ammonia volatilizing and the red pentoxidc of vanadium remaining as a residue. 

The colorless ammonium vanadate solution becomes yelk)w when slightly 
acidified Acids produce a red color when added to the solid siilt. 

The oxide, KA. is distinguished from Fef.)i by the fact that it fuses very > y 
with the heat of Bunsen burner, whereas the oxide of iron, hcA, is infusible m 
the heat of a blast lamp. M.p. V 7 O 4 =(558° C.; m.p. I-e^O, = 1548 ^ 

Comparison of Vanadium and Chromium Salts. Vanadium, like 
forms a soluble salt upon fusion with sodium carbonate and potassium nitrate 
!nfth sol“m peroxide^ The solution of vanadates and of chromates are gow 
or orange- the color of the chromate becomes more inten.se when strongly acid^^, 
whereas that of the vanadate is reduced. The yellow color of the vanadate solu- 
by Min, with .n »( .lkn«, bul 

tralizine the alkali with acid. The chromate color is not destroyed. (.Yellow 
with alkalies orange in acid solution.) Silver nitrate produces a dark-m^on 
precipitate v^th a^soluble chromate and an orange-colo^ precipitate- with a 
vanadate- mercurous nitrate produces a red-colored precipdate with chromates 
and a yellow with vanadates. Vanadates are also distinguished from chromates ^ 
Z redletion test; reducing agents such as a £ 

to the cold reduced solutions 

or hJ reduces VA to VA- VA forms vanadyl salts. 

Chapter by Wilfred W. Scott. 
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gives a brown color, or a brown to dirty green precipitate with vanadium, and violet 
or lavender color or a light green-colored precipitate with chromium, depending 
upon the concentration of the solutions. Hydrogen peroxide added to the reduced 
cold acid solutions changes the vanadium blue to reddish brown; the chromium 
green remains unchanged. 

Detection of Vanadium in Steel. Five grams of the sample are dissolved 
in dilute nitric acid, the nitrous fumes boiled off, the solution cooled, and an 
excess of sodium bismuthate added. After filtering through an asbestos filter 
an excess of concentrated ferrous sulphate solution is added, and the solution 
divided into two equal parts in test-tulies. To one portion 10 cc. of hydrogen 
peroxide are added and to the other 10 cc. of water. If vanadium is present the 
peroxide solution will show a deeper color than the untreated solution. A deep 
red color is produced with high vanadium steels and a brownish-red with low. 
Since titanium also causes this color, it would interfere, if it were not for the 
fact that the color produced with titanium is destroyed by hydrofluoric acid and 
fluorides, whereas that of vanadium is not. In presence of titanium, 5 cc. of hydro¬ 
fluoric acid are added to the treated sample. 

The brown color produced by hydrogen peroxide, with vanadium solutions, 
will remain in the water portion when shaken with ether. The ether layer is 
colored a transient blue in presence of chromium. 


ESTIMATION 

The materials in which the estimation of vanadium is desired may be sur¬ 
mised from the following facts: Industrial application. Vanadium is used in 
special iron and steel alloys. It increases the strength of steel as well as the 
compression power, without loss of hardness, and increases the resistance to 
abrasion; hence vanadiun\ steels are used in locomotive and automobile cylinders, 
pistons, bushings and in all parts of machines subject to jar. It is used in high¬ 
speed tools, vanadium bronzes for gears, trolley wheels, etc. It is used in indelible 
inks, and in the form of alkali vanadates and hypovanadates it serves as a 
mordant for aniline black on silk, for calico printing and like uses. Vanadium 
salts are used in ceramics where a golden glaze is desired. 

The element occurs widely distributed in minute quantities. It is found in 
iron ores, hence occurs in blast-furnace slags as the oxide, VaOs. The principal 
ores are: 

Patronite, a sulphide of vanadium containing 28 to 34% VjO,, associated with 
pyrites and carbonaceous matter; the principal source of vanadium. 

Vanadinite, (PbCl)Pb4{VO«)j, containing 8 to 21% VjOs. 

Carnotite, KaO-2UOj*Va06.3HsO, contains 19 to 20% V,0». 

Deacloizite, (PbZn)iNVOs, contains 20 to 22% VtOa. 

Roaeoelite, a vanadium mica with variable composition. 

Eusynchile, contains 17 to 24% VjOs. 

CuprodescMzite, {PbZnCu)f( 0 H)V 04 , contains 17 to 22% ViOj. 

Cakiovolborthite, (CuCa)i( 0 H)V 04 , contains 37 to 39% V 1 O 4 . 

Vanadium occurs in ores of copper and lend, it is present in certain clays and 
basalts, in soda ash, phosphate soda, and in some hard coals. 
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Preparation and Solution of the Sample 

In decompositon of the ii.aterial for analysis the following facts regarding 
the solubility of the metal, its oxides and principal salts, will be helpful: 

Element. The metal is not attacked by aqueous alkalies, but is soluble by 
fusion with potassium or sodium hydroxide, and sodium carbonate containing 
potassium nitrate. It is insoluble in dilute hydrochloric and sulphuric acids. 
It dissolves in concentrated sulphuric acid and in dilute and concentrated nitric 
acid forming blue solutions. 

Oxides. VaOj is eassily soluble in dilute acids, giving a lavender-colored 
solution. 

VsOs is insoluble in hydrochloric and sulphuric acids, and in alkali solutions. 
It dissolves in hydrofluoric acid, and in nitric acid. 

VsOi is easily soluble in acids, forming blue-colored solutions. It dissolves 
in alkali solutions. 

VjOs is soluble in acids, alkali hydroxide and carbonate solutions. Insoluble 
in alcohol and acetic acid. 

Salts. Anunonium meta vanadate, NH4VO3, is slightly soluble in cold water, 
readily .soluble in hot water. The presence of ammonium chloride renders the 
salt less soluble. The vanadates of lead, mercury and silver arc difficultly soluble 
in water. These are dissolved, or arc transposed by mineral ackls, the vanadium 
going into solution; i.e., lead vanadate treated with sulphuric acid precipitates 
lead sulphate and vanadic acid passes into solution. 

General Procedure for Decomposition of Ores. One gram (or more) of the 
finely divided material is placed in a large platinum crucible together with five 
times its weight of a mixture of sodium carijonate and imtassium nitrate 
(NajCO 3 = 10, KN 03 = 1). The product is heated to fusion over a blast lamp 
and, when molten, about 0.5 to 1 gram more of the nitrate added in small por¬ 
tions. (Caution—platinum is attacked by KNOj. A large excess of Na»CO» 
tends to prevent this.) The material should be kept in quiet fusion for ten to 
fifteen minutes, when most of the ores will be completely decomposed. The 
cooled fusion is extracted with l^oiling water, whereby the vanadium goes into 
solution. Arsenic, antimony, phosphorus, molybdenum, tungsten and chromium 
pass into solution with the vanadium. These must be removed in the gravunetric 
determination of this element. (Iron remains insoluble in the water extract.) 

Should there be any undecomposed ore, the residue from the water extract 
will be gritty. If this is the case, a second fusion with the above fusion mixture 
should be made. 

Small amounts of occluded vanadium may be recovered from the walSjr-insol- 
uble residue by dissolving this in nitric acid and pouring the solution into a 
boiling solution of sodium hydroxide. Vanadium remains in solution. 

Vanadium may be determined volumetrically after removal of the hydrogen 
sulphide group, by titration with potassium permanganate according to the 
procedure given later. The isolation and determination of vanadium by the 
gravimetric procedures are given in detail later. 

Ores and Material High in Silica. The sample is tmated in a platinum dish 
with about ten times its weight of hydrofluoric acid (10 to 60 cc.) and 2 to 6 cc. 
of strong sulphuric acid. The silica is expelled as SiF4 and the hydrofluoric acid 
driven off by taking the solution to SOi fumes. The residue is extracted with hot 
water containing a little sulphuric acid. Any undissolved residue may be brought 
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into solution by fusion with potassium acid sulphate, KHSO 4 , and extraction with 
hot water containing a little sulphuric acid. By this treatment the iron passes 
into solution with vanadium. 

Products Low in Silica. Decomposition may be effected by fusion in a nickel 
crucible with sodium peroxide and extraction with water. The water should be 
added cautiously, as the reaction is vigorous. One gram of the finely divided ore 
is intimately mixed with 3 to 4 granw of NajOa and 1 gram of the peroxide placed 
on the charge. The material is then fused as stated.* 

Iron and Steel. The solution of the sample, Isolation of vanadium and its 
volumetric determination are given at the close of the chapter. 

Alloys. These may be deeomiiosed with nitric acid, or aqua regia. The 
isolation of vanadium with mercurous nitrate or lead acetate are given under the 
gravimetric methods. 


SEPARATIONS 

Fusion with sodium carbonate and potassium nitrate and extraction of the 
melt with water effect a scj)aration of vanadium from most of the metals, which 
remain insoluble us carljonates or oxides. Arsenic, molybdenun’., tungsten, 
chromium and phosphorus, however, pass into the filtrate with vanadium. 

Removal of Arsenic. This element generally occurs in vanadium ores. It 
rhny be removed when desired, by acidifying the water extract of the fusion with 
sulphuric acid, and after reducing arsenic with SOj, precipitating the sulphide, 
AsjS, with HjS gas. Vanadium passes into the filtrate. 

Removal of Molybdenum. The procedure is similar to that used for arsenic, 
with the exception that the sulphide of molybdenum is best precipitated under 
pressure. Tire solution in a pressure flask is treated with lIjS. The flask is 
stoppered and heated in the steam bath. It is advisable to resaturate the solu¬ 
tion with HjS before filtering off the sulphide. 

Separation from Phosphoric Acid. In the gravimetric procedure phosphorus 
and vanadium are precipitated together as mercuric vanadate and phosphate. 
The mercury is expelled by heat and the oxides YtOt and PaOs weighed. (VjOj in 
presence of PjOi does not melt as it does in pure fonn, but only sinters.) The 
oxides arc fused with an ecju.al weight of sodium carbonate, the melt dissolved 
in water, then acidified with sulphuric acid and vanadium reduced to the vanadyl 
condition by SOa gas. The excess of S()» is expelled by boiling and passing in 
COj. Phosphoric acid is now precipitated with anuuonium m.olybdate (50 cc. 
of a solution containing 75 grama ammonium molybdate dissolved in 500 cc. of 
water add jwured into 500 cc. nitric acid—sp. gr. 1.2) in presence of a large amount 
of ammonium nitrate and a little free nitric acid. It is advisable to dissolve the 
precipitate in ammonia and reprccipitate in presence of additional anunonium 
molybdate and nitrate by acidifying with nitric acid. The equivalent PjOt is 
deducted from the weight of the combined oxides, the difference being due to 
V.O.. 

Note. Vanadiuni must be completely reduced to the vanadyl form, as vanadic acid 
yriU precipitate with phosphoric acid. 

■ Direct reduction and titration of vanadium in presence of a large accumulation of 
salts leads to erroneous results. The vanadium should be separated by precipitation 
with lead acetate. 
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Separation of Vanadium and Chromium. A volumetric procedure for deter¬ 
mining vanadium and chromium in the presence of one another is given. If a 
separation is desired the following procedures may be used; 

'A. The solution is acidified with nitric acid. If hydrochloric acid is present 
it is expelled by taking to near dryness twice with nitric acid, the residue is taken 
up with water and SO» gas passed in to completely reduce the vanadium. This 
solution is poured into a boiling solution of 10% s<Klium hydroxide. After boiling 
a few minutes, the solution is filtered and the residue washed. The filtrate con¬ 
tains vanadium, the residue chromium. It is advi.sable to pour the filtrate into 
additional caustic to remove the small amount of chromium that passes into 
the solution. 

B. One hundred cc. of the neutral solution is made acid with about 15 cc. of 
glacial acetic acid and hyilrogcn peroxide added. The solution is boiled for a few 
minutes. Chromium is thcrciby reduced to OjOj, whereas vanadium appears as 
VjOs. Lead acetate will now precipitate lead vanadate, the reduced chromium 
remaining in solution. The lead vanadate now treated with strong sulphuric 
acid is decomposed upon heating. Addition of water precipitates PbSOi, the 
vanadium remaining in solution. 


GRAVIMETRIC METHODS 

The following procedures pre.sup{M)se that vanadium is jirescnt in the solution 
as an alkali vanadate, the form in which it occurs in the water extract from a 
fusion with sodium carbonate and ixitassium uitraf e, as is described in the method 
of solution of ores containing vanadium. tMiromium, arscmic, phosphorus, molyb¬ 
denum and tungsten, if present in the ore will lx; found in this solution. 

Mercurous Nitrate Method for Determination of Vanadium— 

Gravimetric * 

Principle. A nearly neutral solution of mercurous nitrate i)r<;cipitatcs 
vanadium completely from its solution. The dried j)rcripitatc ignited forms 
the oxide, VjOs, mercury being volatilized. 

Procedure. To the alkaline .solution or an aliquot i)ortion of the water 
extract from the sodium carbonate potassium nitrate fusion nearly neutralized with 
nitric acid * (the solution should remain slightly alkaline) is added drop by drop, 
a nearly neutral solution of mercurous nitrate in slight exce.s8 of that necessary to 
precipitate completely the vanadium present, as may l)e determined by allowing 
the precipitate to settle and adding a few drops more of the reagent. The mixture 
is heated to boiling and then placed on the water bath or steam plate and the gray- 
colored precipitate allowed to settle. The precipitate is washed several times 

* Method of Rose. J. W. Mellor, “ A Treatise on Quantitative Inorganic Analysis.” 

* Should tbo alkaline Bolution of the vanadate bo made acid, nitrous acid, from 
the nitrate fusion, will be liberated and cause reduction of the vanadate to the vanadjJ 
salt, in which form it is not precipitated by mercurous nitrate; hence great care should 
be used in neutralizing the aikalino solution to avoid making it acid. 11 is a good jirac- 
tice to measure the acid added, having determined on an ahquot portion the amount 
necessary to add to neutralize the solution. This is readily accomplished when a 
comparatively large sample has ^n prepared for analwis and an aliquot portion 
taken for analysis, several determinations being made on the same fusion. 
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with water containing a few drops of mercurous nitrate, washing once or twice 
by decantation and finally on the filter imper. The precipitate is dried, then 
ignited in a porcelain crucible in a hood over a Bunsen burner to a red heat. The 
fused red residue is VjO». 

V,0,X0.5604 =V. 


Qravimetric Method of Determining Vanadium by Precipitation 
with Lead Acetate* 

Principle. From a weakly acetic acid solution, vanadium is quantitatively 
precipitated by lead acetate. The precipitate is dissolved in nitric acid, lead 
removed as a sulphate, and vanadium determined in the filtrate by taking to 
dryness and igniting to the o.^ide, VsOe. 

Procedure. To the alkaline solution or an aliquot portion obtained by 
extraction of the carbonate fusion of the ore with water, just sufficient amount 
of nitric acid is added to nearly neutralize the alkali present, as in the case of 
the method descril)ed for precipitation of vanadium by mercurous nitrate, and 
then a 10% solution of lead aciitate is added in slight excess with continuous 
stirring. The precipitate is allowed to settle on the steam bath. The vanadate, 
first appearing omngc colored, will fade to white upon standing. The lead vana¬ 
date is filtered and washed free of the ex<!ess of lead acetate with water containing 
acetic acid. The precipitate is washed into a porcelain dish with a little dilute 
nitric acid, and brought into solutitm by warming the lead salt with nitric acid. 
To this, the ash of the incinerated filter is added. Sufficient sulphuric acid is 
added to precipitate completely the lead, and the solution taken to small volume 
on the water bath and then to SO, fumes, but not to dryness. About 100 cc. of 
water are added and the mixture filtered; lead sulphate will remain uixm the filter 
and the vanadium wilt be in solution. The lead sulphate is washed free of 
vanadium (i.e., until the washings no longer give a brown color with hydrogen 
peroxide). 

The filtrate containing all the vanadium is evaporated to sa’.all volume in the 
porcelain dish, then transferred to a weighed platinum crucible and evaporated 
to dryness on the water bath and finally the residue (VjOs) heated to a dull red¬ 
ness over a Bunsen flame. 

V,06X0.5604 =V. 


Notes. I.ead may be separated from the vanadium by passing HjS through the 
nitric acid solutiom the excess of HjS volatilized by boiling and the liberated sulphur 
filtered *off. The nitrate is evaporated to dryness and the vanadium ignited with a 
few drops of nitric acid to the oxide VjOs. 

Lead may also bo separated as lead chloride in the presence of alcohol, the solu¬ 
tion taken to dryness and vanadium oxidized by addition of nitric acid and ignited 
toV,0^ 

• Method by Roscoe, Ann. Chem. Pharm., Supplement 8, 102,1872. Treadwell and 
Hall, “ Analytical Chemistry,” p. 305. 
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VOLUMETRIC PROCEDURES FOR THE DETERMINATION 

OF VANADIUM 

Reduction of the^ Vanadate, V2OS, to Vanadyl Condition, V2O4, 
and Reoxidation with Potassium Permanganate 

Principle. Vanadium in solution as a vanadate is reduced to the vanadyl salt 
by H,S or SO,, the excess of the reducing agent expelled and the solution titrated 
with standard KMnO,, vanadium being oxidized to its highest fonn, V,Oi. 

Reactions, a. VjOe+SO, = V,0,+S0,. b. V, 04 + 0 =V, 0 i. Hence 

iVt) wt V 

N/10 sol. =—— grams to the liter. 

Procedure. An aliquot portion of the solution containing vanadium, as 
obtained by one of the procedures given for the solution of the sample, is taken 
for analysis; dilute sulphuric acid (1 : 1) is added to acid reaction and 5 cc. of acid 
per 100 cc. of solution added in excess. The vanadium content should be not 
over 0.5 gram V when a tenth normal ixirmanganate is used for the titration. 
If arsenic or molybdenum is present these may Ik) removed from the solution by 
passing in H 2 S. The insoluble sulphides are filtered off and washed with H,S 
water. The filtrate is boiled down to two-thirds of its volume and the sulphur 
filtered off. In the absence of members of the H,S gnmp, this portion of the pro¬ 
cedure is omitted. 

Oxidation with KMnO,. The .solution contoining the vanadium is oxidized 
by adding, from a burette, tenth nonnal potassium permanganate to a faint per- 
m.anent pink. If the solution has been treated with II,.S, the vanadium is in the 
vanadyl condition, and the amount of permanganate required to oxidize the 
solution completely will give a close approximate value for the wnadium present, 
each cc. of N/10 KMnO, being equivalent to 0.0051 gram vanadium. 

Reduction. The vanadite is now reduced to vanadyl salt by passing through 
the acid solution, containing approximately 5% free sulphuric acid, a steady str^m 
of SO, gas. Reduction may also be accomplished by adding sodium metabisul¬ 
phite, or sodium sulphite, to the acid solution. The excess SO, is now removed 
by boiling (a current of CO, passed into the hot solution will assist in the com¬ 
plete expulsion of the SO,). 

Note. KMnO, is reduced by SO,. 

• 

Test for Iron. A drop test with potassium ferricyanide, K,Fe(CN),, on a 
white tile will give a blue color in the pre.scncc of ferrous iron. Since ferrous 
iron will titrate with potassium permanganate, its oxidation is necrasary. This 
is accomplished by adding tenth nonnal potassium dichromate solution cau¬ 
tiously to the cold liquid until no blue color is produced by the spot test with 
K,Fe(CN), outside indicator. If the sample is sufficiently dilute, the blue color 
of the vanadyl solution will not interfere in getting the point where the iron is 
completely oxidized. Care must be taken not to pass this end-point, otherwise 
VaiO, will also be oxidized and the results will be low. 

Note. The action of the dichromate is selective to the extent that iron is first 
oxidized and then V,!),. If the amount of iron present is large a separation roust 
be effected. In case a sodium carbonate potassium nitrate fusion has been made and 
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vanadium has been eNtracted by water, iron will not be present. A special procedure 
for determination of vanadium in steel is given. 

PotasBium Permanganate Titration. N/10 KMnO< is now cautiously added 
until a pink color, persisting for one minute, is obtained. During the titration 
the solution changes from a blue color to a green, then a yellow and finally a faint 
pink. The reaction towards the end is apt to be slow if made in a cold solution. 

Notes. In absence of chromium, it is better to make the titration in a hot solu¬ 
tion, 60 to 80“ C., the end-point being improved by heat. In ease an excess of per- 
n.anganate has been added, the excess may be determined by a back titration with 
tenth normal thiosulphate. The solution may be rerun, if desired, by repeating the 
reduction with SOj and the titration with KjCrjO? and KMnOi. 

One cc. N/10 KMnO, =0.00.51 gram V, or =0.00912 gram VjOj. 

For solutions containing less than 0.5% vanadium a weaker permanganate reagent 
should be used. A fiftieth normal permanganate solution will be found to be useful 
for materials low in vanadium. 

The author ootained excellent results by the above procedure on materials con¬ 
taining small amounts of iron and chromium; with amounts equal to that of vanadium 
present in the solution no interference was experienced. The titration with potassium 
perman^natc is made in cold solutions if chromium is present, as the permanganate 
will oxidize chromium in hot solutions. Potassium permanganate added to samples 
containing chromic salts, and the mixture boiled, will oxidize, these quantitatively to 
chromates. This reaction does not take place in cold solutions to any appreciable 
extent during a titration and only slowly in warm solutions. 


Volumetric Determination of Vanadium by Reduction with 

Zinc to V2O2 

The procedure proposed by Gooch and Ndgar is to reduce vanadic acid, in 
presence of sulphuric acid, by zinc to the oxide, VjOz; oxidation of the unstable 
VjOj by the air is anticipated by means of ferric chloride or sulphate, in the 
receiver of the Jones redactor, the highest degree of reduction being registered 
by the ferrous salt formed by the reaction of the reduced vanadate on the ferric 
salt, i.e., VaOj-t-3Fe»Os=f)FeO-l-Vjt)s. Compounds reduced by zinc and oxi¬ 
dized by KMnOi must be absent or allowed for. 

Procedure. The Jones redactor is set up as directed in the procedure for the 
determination of iron by zinc reduction. The receiver attached to the tube con¬ 
taining the column of zinc is charged with a solution of ferric alum in considerable 
excess of that required for the oxidation of the reduced vanadium. (The amal¬ 
gamated zinc is cleaned by passing through the column, a dilute solution of warm 
sulphuric acid. The final acid washings should show no further reducing action 
on permanganate when the reductor is clean.)* Gentle 8\iction is applied, and 
through the column of clean amalgamated zinc arc passed in succession—100 cc. 
of hot water, 100 cc. of 2.5% sulphuric acid, and then the solution of vanadic 
acid diluted to 25 cc. in a 2.5% sulphuric acid solution, and finally 100 cc. of hot 

‘Corrections should be made for the action of zinc upon the reagents without 
the vanadic acids, as it is almost impossible to git a condition where no blank is 
obtained with periranimnate. The reductor is cleaned first by passing about 500 cc. 
of dilute 2.5% sulphuric acid through the column of zinc. A blank is now obtained 
with the same quantity of reagents ns is used in the regular determination, only 
omitting the vanetdium, and this is deducted from the titration obtained for each 
san.ple reduced. 
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water. ^ To the receiver is added a volume of 4 cc. of 83 rrupy phosphoric acid to 
decolorize the solution. The reduced iron salt is now titrated with N/lO KMn 04 . 

One cc. N/ 10 KMn 04 = 0.0017 gram V, or -0.00304 gram VA. 

Determination of Vanadium in Steel 

The following method is used in analyzing the Bureau’s vanadium and chrome- 
vanadium steels. The procedure was worked out by J. R. Cain and L. F. Witmer 
of the U. S. Bureau of Standard.?. 

Five to 10 granw of drillings are dissolved in hydrochloric acid (1 :1), a few 
drops of hydrofluoric are added, and the solution is boiled for a few minutes. The 
insoluble matter is filtered off, ignited, fused with a little sodium carbonate, the 
fusion dissolved in water and added to the main filtrate. This is then oxidized 
with the minimum amount of nitric acid needed, and boiled till free from fumes. 
The iron is extracted with ether and the excess of ether removed from the aqueous 
layer by evaporation on the steam bath. After concentration on the bath, strong 
nitric acid is added to the solution and it is evaporated to dryness. The residue 
is dissolved in strong nitric acid, the solution is diluted with water and nearly 
neutralized with strong sodium hydroxide solution. It is then poured slowly 
into 150 to 200 cc. of a 10% sodium hydroxide solution, stirring vigorously. The 
solution is filtered, and the series of operations are repeated with the precipitate 
until it is free from vanadium, as shown by dissolving it in nitric acid and toting 
with hydrogen peroxide. In the latter treatments the amount of sodium, hydrox¬ 
ide solution used may be smaller. From the combined filtrates the vanadium is 
precipitated with m.ercurous nitrate solution, after making nearly but not quite 
neutral with dilute nitric acid. After settling, the precipitate is collected on paper 
and washed with dilute mercurous nitrate solution. The filter is burned off in 
a platinum crucible and the precipitate ignited till all the mercury is expelled. 
The impure vanadium pentoxide left is fused with a little sodium carbonate, the 
fusion is dissolved in water and filtered (on asb(M<tos) from insoluble matter. A 
second precipitation with mercurous nitrate is then made. Sometimes a further 
fusion and precipitation may be necessary in order to get a product sufficiently 
pure for the next step, which is a final fusion with sodium carbonate. The fusion 
is dissolved in dilute sulphuric acid and the vanadium is reduced by sulphur 
dioxide gas and titrated against N/50 permanganate after complete expulsion of 
the excess of reducing agent. 

• 

Volutnetric Determination of Molybdenum and Vanadium in 
Presence of One Another 

Sulphur dioxide reduces VjOj to V 1 O 4 , but docs not reduce molybdic acid 
provided the sample contains 1 cc. of free sulphuric acid per 50 cc. of solution and 
not more than 0.2 gram of molybdic acid. By means of amalgamated zinc VA 
is reduced to VjO, and MoOi to MoA. Upon these two reactions the deter¬ 
mination is based according to the procedure worked out by Edgar.‘ Details 
of the method are given in the chapter on Molybdenum, page 321. 

* Graham, Edgar, Am. Jour. Sci. (4), S6, 332. Gooch, “ Methods in Chemical 
Analysis,” John Wiley & Sons. 
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Volumetric Determination of Vanadium, Arsenic or Antimony 
in Presence of One Another. Edgar’s Method * * •** 

Tartaric or oxalic acid reduces VsO, to VsO,, but does not act upon arsenic 
or antimony. On the other hand SO, causes the reduction of all three. There¬ 
fore if aliquot portions of the solution are taken, one portion being treated with 
tartaric acid and vanadium detennined by titration with iodine, and another 
portion reduced with SO, and again titrated with iodine, the difference between 
the two titrations is due to the cc. of reagent required for the oxidation of the 
reduced arsenic or antimony.’ 

Reactiom. V,04+I,-|-H,0 =V,0,+2III. 

As,0,+V,04+3I,4-311,0=As,0,+V,06-f6HI. 

Sb,0-4-V,044-3l24-3H,0=Sb,0a-t-V,0,4-6HI. 

^ Vanadium. One portion is boiled with about 2 grams of tartaric or oxalic 
acid, until the solution turns the characteristic blue of vanadium tetroxide. After 
cooling, the solution is nearly neutralized with potassium bicarbonate, and an 
excess of standard iodine solution added. Neutralization is now completed, 
an excess of bicarbonate added, and after fifteen to thirty minutes the excess 
iodine titrated with standard arsenious acid, starch being used as an indicator. 
This titration mca.sures the vanadium present. 

Arsenic or Antimony. A second portion of the solution is placed in a pres¬ 
sure flask and acidified with sulphuric acid. A strong solution of sulphurous acid 
is added, the flask closed and heated for an hour on the steam bath. After cooling, 
•the flask is opened and the solution transferred to an Krlenmcyer flask and the 
excess of SO, removed by boiling, a current of CO, being passed through the liquid. 
The cooled solution is treated with bicarbonate, iodine added and the titration 
conducted exactly jis described for detennin.ation of vanadium in the first por¬ 
tion. The difference between the first titration and the second is a measure of 
the cc. required for oxidation of arsenic or antimony. 


Determination of Vanadium and Iron in Presence of Each Other 

The solution slightly acidified with sulphuric acid is treated with sulphurous 
acid, the excess ex|)elled and the reduced vanadium and iron titrated with stand¬ 
ard potasiiium j)ermanganatc.< 

10 FeO-|-5V,O44-6H,SO,4-4KMnO4=5Fe,O,4-5V,O44-2K,SO4-l-4MnSO44-6H,O. 

The solution is now reduced with zinc in the Jones reductor and again titrated 
with permanganate.’ ¥,0, is reduced by zinc to V,0,, the sample being caught 

• G. Edgar, Am. Jour. Sci. (4), 27. 299. 

’Gooch, “ Methods of Chemical Analj-sis.” 

•** ’Graham, likl|mr, Am. Jour. Sci., (4), 26, 79. 

See Am. Jour. Sci., (4), 27,174, also Gooch, “ Methods in Chemical Analysis,” p. 610, 
for procedure determining iron, chromium and vanadium, in presence of one another. 

’ When the color has changed from a bluish-green to greenish-yellow the solution 
is heated to 70 to 80° C., and the permanganate titration completed in a hot solution 
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in ferric alum solution (details for determining of vanadium by reduction with 
zinc are given under the volumetric methods for this element). 

10FeO+5VA+12H,SO4+8KMnO.=5Fe,O,+5V.O,+4K^O4+8MnSO4+12H,O. 

The difference between the two titrations multiplied by 0.00456 avanadic 
acid (VjOs) originally present. 


lodometric Method for Estimation of Chromic and Vanadic Acids 
in Presence of One Another 

The following procedure developed by Edgar,* is given by Gooch (“ Methods 
of Chemical Analysis ”). 

In carrying out the operation, the alkali salts of the chromic and vanadic acid 
are put into the Voit flask of the distillation apjjaratus shown in the cut, Fig. 71. 

One or 2 grams of potassium bromide are added, the flask is connected with 
the absorption apparatus contain¬ 
ing a solution of potassium iodide, 
made alkaline with sodium car¬ 
bonate or sodium hydroxide, and 
the whole apparatus is filled with 
hydrogen gas. Fifteen to 20 cc. 
of concentrated hydrochloric acid 
are added through>the separatory 
funnel and the solution is boiled 
for ten minutes, an interval of 
time found to bo enough for the 
completion of the reduction. A 
slow current of hydrogen is main¬ 
tained to avoid back suction of 
the liquid from the Drexel bottle. 

The apparatus is disconnected, 
the Voit flask placed in a beaker 
containing cold water, and the 
alkaline solution in the absorption 
apparatus cooled by running water 



Fio. 71. 


apparatus cooiea oy rmimus The contents of the trap are wished mto 

the Drexel bottle and the solution therein is made slightly acid wim hydro¬ 
chloric acid. The liberated iodine is titrated with approxmiately N/10 sodium 
thiosulphate and the color is brought back by a drop or two of N/10 lodme solu¬ 
tion, after the addition of starch. .... 

Alkaline potassium iodide is again placed m the absorption apparatus and the 
latter connected with the Voit flask. The current of hydrogen is turned on and, 
after the air has been expelled, the apparatus is disconnected rriomentanly, 1 or 
2 grams of potassium iodide are added to the solution in the Voit fl^k, and con¬ 
nections made again. Through the separatory funnel 10 co. to 15 co- of con¬ 
centrated hydrochloric acid and 3 cc. of syrupy phosphoric acid are added and 
the solution in the reduction flask is toiled to a volume of 10 co. to 12 cc. The 
absorption apparatus is removed and cooled, hydrochloric wid is^ded and the 
liberated iodine titrated with approximately N/10 sodium thiosulphate. 

»Graham Edgar, Am. Jour. Sci. (4), 8*, 333. 
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The iodine determined in the first titration corrraponds to a reduction of the 
chromic and vanadic acids according to the equation 

V,0.+2Cr0,+8HBr - V,04+Cr,0,+4Br,+4H^, 

while in the second case the iodine corresponds to a reduction of the vanadium 
tetroxide to trioxide as indicated in the equation 

V,04+2HI = V,0.+I,+H,0. 

The second titration, therefore, determines the vanadic acid present, and the 
difference between the first and second furnishes the necessary data for the cal¬ 
culation of the chromium. 


DETERMINATION OF VANADIUM IN FERRO=VANADIUM 
Standard Methods of the American Vanadium Company ^ 

Dissolve 0.610 gram of the alloy (100 mesh) in a 2.50-cc. beaker with 50 cc. dilute 
sulphuric acid (1 : 2) and 10 cc. (concentrated) nitric acid. If the alloy does not 
decompose, when heated, add a few cc. of hydrofluoric acid. Take down to copious 
white fumes. Cool, add 60 cc. dilute sulphuric acid (1 : 2) and water. Heat until 
all salts are in solution and transfer to a white casserole containing 100 cc. dilute 
sulphuric acid (1 :2). Dilute the solution to 400 cc. with H,0 and heat to 60° C. 
The solution is ready to titrate. 

Add potassium permanganate until a deep red is obtained. Just discharge the 
red color with ferrous ammonium sulphate. 

Get the neutral point by alternating the permanganate and ferrous ammonium 
sulphate until one drop of the ferrous sulphate just discharges the pink color. 

Now add N/10 ferrous ammonium sulphate from a burette until the vanadium 
is reduced and then 3 cc. in excess. 

Titrate the excess of ferrous ammonium sulphate with N/10 potassium biohro- 
scatc, using potassium fcrricyanide as an indicator. 

. From the cc. of ferrous ammonium sulphate used, subtract the cc. of bichromate 
used. The number of cc. used gives the j>or cent of vanadium in the alloy. 

The relation between ferrous ammonium sulphate and bichromate is established 
by adding 150 cc. sulphuric acid (1 : 2) to a casserole, diluting to 4(K) cc. 

Find the neutral {mint and then add 25 cc. ferrous ammonium sulphate and titrate 
with bichromate until the blue sjiot is just discharged. 


Blank. 

Ferrous ammonium sul|>hato used, 

Potassium bichromate used. 

25.00 

24.60 


EXAMPLE 


25 cc. 
24.6 “ 


, .40-i-25 = —0.016 factor. 

Alloy. 

Ferrous ammonium sulphate used. 40.00 

Potassium bichromate used. 2.40 

40 cc.X—0.016. .64 00 . 

40.00 -0.64.=39.36 “ 

Correction on ferrous ammonium Buljihnte: 

39.36 -2.4 .=36.96% V. 

Solutions used: 

N/10 potassium bicliromate. 

N/10 ferrous ammonium sulphate. 

Potassium forrioyanide, a crystal the size of a pea in 50 cc. of water. 

Potassium permanganate, 5 grams i«r liter. 

* Methods developed in the Bridgeville Laboratory. By courtesy of the American 
Vanadium Company. 
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Detennination of Vanadium in Vanadium Ores 

Weigh 0.51 nam of the finely powdered ore in a Ij-in. diameter iron crucible 
filled three-fourths full of sodium peroxide. Fuse. Dissolve the fusion in water and 
add 100 cc. Ht804 (1 : 2) in excess and evaporate until white ftimes come off. Cool 
and dilute and filter. Gas the filtrate, which should be about 400 cc., until all HiS 
metals are precipitated. Boil and filter. Boil the filtrate until all HaS is off. Trans¬ 
fer to a 600-ce. casserole and add 60 cc. HaSOa (1 : 2) and heat to above 60° C. Ti¬ 
trate as in the determination of vanadium in ferro-vanadium. 


Determination of Vanadium by Precipitation with 
Phosphomolybdate 

The alloy or steel is dissolved in nitric acid and treated, dropwsc, with strong 
potassium permanganate until a precipitate of MnOj is obtained on Ixnling. Ammonium 
bisulphite solution is now added drop by drop until the manganese dissolves. The 
solution is lioiled until the nitrogen oxides are expelled. 10 cc. of a 5 per cent ammonium 
phosphate solution and 10 grams of ammonium nitrate are added, the solution heated 
to boiling, and 50 cc. of ammonium molylxlate solution added. The solution is shaken 
for 3-5 minutes to precipitate all of the vanadium and phosphorus. The precipitate 
is separated by decanting onto an aslxjstos filter. The precipitate is dissolved m 
cone. HaSOi, the iron oddizod by HNO 3 , the nitric expelled liy fuming eiff and the 
vanadium now reduced by adding hydrogen ixiroxide and healing. The addition of 
peroxiele and heating is repeated. ■ The grexjn or blue solution is heated to 80 and 
titrated with O.IN KMn 04 as usual. 


Vanadium in Steel—A. S. T. M. Method 


(sp.gr. 1.42) and 620 cc. 
(sp.gr. 1.10) and 900 1 ! 0 . 


Solutions Requiueo 

“mtUe HydrocKUme Acid (« ; /).—Mix two parts of HCl (sp.gr. 1.10) with one 
part of water. , 

“Dilute Nitric Acid (sp.gr. l.SO ).—Mix 380 cc. of HNO> 
of distilled water. , 

“THlute Hydrochloric Acid (1 : 9 ).—Mix 100 cc. of HCl 
of distilled water. 

Method 

“ (o) (When Cobalt deics hot exceed 1 per cent.) zn ,\ a 

“Treat 2 g. of the steel in a porcelain dish with 70 ®c. of dilute HCl (2 |1) and 
heat until all action ceases. Cautiously add 10 cc. eif dilute HNOa (sp,^. l.IOT) and 
evaporate the solution to elryness or to low bulk. 1 rent the residue with 46 cc. of dilute 
HCl (2 ; 1) and heat until the soluble portion dissolves. Add wi equal volume of 
water, boil for three minutes, filter and wash the residue thoroughly with dilute HCl 
(1 : 9) until free from iron. Eyaporate the solution to volume and destroy 

hydrochloric acid by small additions of nitric and (sp.gr. 1.42) followM by boiling. 
If a residue appears, filter the solution. From this P>int proceed for chromium M in 
the Determination of Chromium in Chrome-Nickel Stel by the Persulphate Oxidation 
Method and for Vanadium as in the Determination of Vanadium in Chrome-Vanadium 
Steel by R^uction with Ferrous Sulphate and Titration with Permanganate. 

this method until the bicarhonnte ^pitate ^ 
washed with hot water. Return the paper and preoU?>tete “e and ^d W cc. 
of dilute HCl (2 : 1). Heat the solution, add 10 cc. ofHNO, (sp.gr. 
the solution to ^ynesa or to a sm^l volume. Treat the residue with 45 oc. of dilute 
HQ (2 : 1) and pro<»ed as described above. 

Notes 

“Tungsten interferes with the determination of v^^uin by the above 
and must removed. WTiile chromium can be determined in tee presenre of 
it is conveniently determined in the same sample as is vanadium and the end pomt 
is easier to get when tungsten has been removed. 
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“In caae hydrochloric acid is present when silver nitrate is added, enough of the 
latter must be added to take care of this before the regular addition is made. 

“The pink color of cobalt interferes with the end point reading. If imder 1 per 
cent, the color does not seriously affect the results, if over this, it should be removed.’’ 

Determination of Vanadium in Steel (When Chromium is present) 

Dissolve 6.1 grams of steel in a covered 400-cc. beaker with 60 cc. of HCl (con¬ 
centrated). After total solution, add concentrated HNOj sufficient for complete 
oxidation. Evaporate to a syrupy consistency, add 40 cc. HCl (concentrated) and 
evaporate to about 20 cc. Cool and transfer contents to a separatory funnel, washing 
with dilute HCl (2 HCl : 1 H 2 O). Add 100 cc. ether, cork and shake for some time, 
cooling funnel under tap water while shaking. Remove cork, place funnel in stand 
and aflow it to stand for at least five minutes. Run out the lower layer of the sepa¬ 
ration into the original 400-cc. beaker. 

_ Evaporate the ether off. Add 5 cc. HNOj (concentrated) and just bring to a boil. 
Stir out all nitrous fumes, make alkaline with NaOH (saturated solution). Make 
just acid with HNOi (concentrated) cool solution. 

Add above solution to a solution containing 300 cc. cold water and 5 cc. of NaOH 
(saturated solution). Boil and filter, washing with hot water thoroughly. Make 
filtrate just acid with HNO> (concentrated). Add 40 cc. of a saturated solution of 
lead acetate. (If lead precipitate forms just clear solution by adding HNO$ drop by 
drop and bring to a boil.) Add 60 cc. of ammonium acetate. Boil for twenty minutes. 
The vanadium is precipitated as lead vanadate. 

Filter the lead vanadate onto a Munktell paper, washing with hot water. Put 
filter containing lead vanadate in a small porcelain dish and burn off pai)er at a low 
heat. Add a little HNOj and evaporate on the hot plate, then put the dish in the 
cold end of a muffie to drive off the remaining HNOj. Avoid baking. Dissolve 
in HCl (concentrated) and transfer the solution to a 400-cc. beaker. Add 60 cc. 
dilute HjSOj (1 : 2). Oxidize thoroughly with KMnOj (5 grams to a liter.) Add 
40 cc. HCl (concentrated) and evaporate to dense white fumes. Cool, add 40 cc. 
of water and again take to white fumes. Cool, add 150 cc. of water, cool, and titrate 
with N/50 KMnO . Each cc. of permanganate used is equal to 0.00102 gram of 
vanadium, or in this case, having used a ten-factor weight, each cc. represents 0.02% 
vanadium. 


Notes. 

Vanadium ' is used chiefly in steel for purposes requiring great toughness and 
torsional, strength, common applications lieing in automobile parts, gears, piston rods, 
tubes, boiler plates, transmission shafts, gun barrels, and forgings that have to with¬ 
stand great stres!^ and wear. The vanadium content in steel usually ranges from 0.1 
to 0.4%. Vanadium is also used occasionally in certain tungsten alloy steels for making 
high-speed steel. Introduced in small proportions, it reduces considerably the amount 
of tungsten required in steel for a given hardness and toughness. Vanadium differs 
from tungsten in that it ha.s a g<x)d effect not only on tool steel, but on structural steel 
as well. 

Chrome-vanadium stoels and chrome-vanadium-molybdenum steels are the latest 
devolopipents in structural alloy steels that have gained an extensive market. Almost 
all these stoels are made in the open-hearth furnace, chromium and vanadium alloys 
l^ing added shortly before casting. In their physical projicrtics these steels ore much 
like clwme-nickel steels, but they have a greater contraction of area. Most of the 
chromium-vanadium steels made go into automobiles. Some manufacturers prefer 
them because of their greater freedom from the surface imperfections—notably seams 
—which the steels containing nickel are likely to have. 

‘ Machinery, June, 1924. 
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Determination of Vanadium in Ores, Mine and Crude Mill SampleB^ 

whi^*tlSt*h!L?******i?^ K3Fe(CN)i). Make up just before using in a drop bottle 
out with ^aOH and tlien with water. Place a small crystal 
* 1 ?- and wash several times to remove the oxidized coat, pouring 

out the washings, then add about 30 cc. of distilled water and dissolve for use. 

PotTOUs amme^um sulphate, I'’cS 04 (NIl 4 )..^l(>.tII,(). 135 grams of the salt are 

diasolved in a mi^urc of 333 sulphuric acid and 3000 cc. of water. 

II ori ” r-ei'f® foo^lution as follows: Take 25 ec. of the solution and add 25 cc. 
HAU,. Dilute to 400 cc. and titrate with standard KsCr,0, reagent using K,Fc(CN)6 
inai^tor according to the procedure used in the determination of iron. 

Potassium permanganate,—KMnO.. 3.102 grains tier liter. 

Potassium dichromate, KjCr,!);. 4.903 grams jH-r liter. 

Standardize with 1/2 gram of iron wire. (1 cc. = .050 g. Fc.) 


PROCEDURE. Solution of the Sample. 

grams of the ore, ground to pass through a 00-mesh screen. Fuse with 
(about 20 tim^ its volume), sodium peroxide in a 25 cc. iron crucible, (if the mixture 
can lie thoroughly cintered, it is lietter than a complete fusion.) Take up the mass with 
wi^r in a 000 cc. Ijcakcr. Add a .solution of ,50 cc. strong sulphuric acid diluted with 
100 cc. of water. Then dilute to 400 cc. with water. 

Ileat to about 80° F. and ad<l just sullicicnt oUthe (lerninnganatc reagent 
to make the solution pink. Titrate back with a few drops of ferrous ammonium sulphate 
reagi^nt until the color of the iiermanganatc just disappears The solution will now 
appear a green or blue color. Now add the “ferrous” solution until the ferric cyanide 
spot test shows a faint blue color. Then 2 cc. excess of the “ferrous” solution. Titrate 
back the excess with the standard ])ota.ssium dichroniate reagent until a drop of the 
indicator shows no color on the sjiot plate, with a drop of the solution. 

Calculate the ratio of the ferrous solution and the dicliroinatc to a common basis. 
Deduct the cc. dichromato from the cc. “ferrous” added to the bluish green solution 
atjove, and divide the result by 4. With an exactly N/10 solution the result will Ix! the 
percent vanadium in the sample. 

Lead Acetate Method. The solution obtained from the fusion of the ore (see 
Solution of the .sample) is acidified with acetic acid. 'I'lien suflicient lead acetate is 
added to completely precipitate the vanadium (usually 2 or 3 grams, according to the 
amount of vanadium in the sample), the .soliilion is .stirred, allowed to settle and the 
lead vanadate filtered off and treated as follows. 

Take the residue on the filter (this at first appears yellowj and dissoivc m a very 
dilute solution of nitric acid. The acid should be hoi. Transfer to an 8(K) cc. licaker. 

Add about 10 cc. of concentrated sulphuric acid and evajioratc to fumes of >SO». 
All traces of nitrous oxide must lie expelled. Dilute to tkK) cc. with distilled water, add 
25 cc. of concentrated sulphuric acid, hat and titrate with standard |X'rman(^ate 
according to the first of the volumetric procedures. 


Determination of Vanadium in Cupro-vanadium, Brasses and Bronzes 

Dissolve 1.020 grams of cupro-vanadium in aqua regia. Evaporate to small bulk 
and add excess of peroxide of hvdrogcn. Dilute to liOO cc. and add ammonia until 
all copper goes into solution. Heat to boiling and odd sufficient barium chloride 
solution to precipitate all the vanadium. Boil and filter. Wash all copper out of 
filter with hot ammonia water. Transfer the filter to a lieoker. add 100 cc. 1 : 2 sul¬ 
phuric acid, boil and filter on close filter pajicr. Titrate the filtrate with N/10 
ferrous ammonium sulphate and N/10 potassium bichromate the same os in the case 
of the ferro alloy, except that this being a two-factor weight, the result must be 
divided by 2. 

Vanadium copper, brasses and bronzes are treaterl in the same manner except that 
a ten-factor wewt is used and the titration carried out with N/60 solution instead 
of N/10. 

1 Communicated to the author by Theodore Marvin, Dupont Powder Company. 
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VOLUMETRIC-PHOSPHOMOLYBDATE METHOD FOR 
DETERMINATION OF VANADIUM 

Reagents 

Ammonium Molybdate. See page 1363 for phosphorus in steel. 

Ammonium Phosphate. 50 g. salt per liter of water. 

Acid Ammonium Sulphate. 50 cc. strong H 2 SO 4 , 950 cc. water and 15 cc. 

strong ammonium hydroxide. Use hot, 80® C. 

Nitric Acid. TOO cc. strong HNOj and 1200 cc. water. 

Nitric Acid for Washing. 20 cc. strong HNOj per liter. 

Potassium Permanganate, Standard. 0.35 g. salt per liter of solution. Stand¬ 
ardised against sodium oxalate. Adjust so that 1 cc. will equal 0.0005 g. 
vanadium, or 0.02 per cent on a 2.5-g. sample. 1 g. Na2C2O4=0.7612 g. V. 
Potassium Permanganate, for oxidation. 25 g. salt per liter of solution. 
Sodium Bisulphite, for reduction. 30 g. salt per liter of solution. 

Procedure for Steel 

A sample of 2.5 g. of steel in a 300-cc. beaker or Erlenmeyer flask are 
dissolved in 50 cc. of the nitric acid, and to the boiling solution are added 
6 cc. of the permanganate oxidation solution, the boiling being continued 
until MnOj precipitates. The precipitate is now dissolved by cautious addi¬ 
tions of sodium bisulphite solution and the boiling continued until no brown 
fumes are evident. Now 5 cc. of ammonium phosphate solution are added 
and 10 g. ammonium nitrate. The solution is removed from the heat and 
50 cc. of ammonium molybdate reagent immediately added. After standing 
for 1 minute, the solution is agitated for 3 minutes, then allowed to settle 
and the clear solution decanted through an asbestos filter, the residue is 
washed three times with hot acid ammonium sulphate reagent, decanting 
each time through the filter. The flask containing the bulk of the residue is 
placed under the filter. (The washings are best conducted with suction, 
using a bell jar filter.) The precipitate on the filter is dissolved by successive 
portions of hot strong H 2 S 04 , catching the solution in the vessel containing 
the bulk of the precipitate. The precipitate is now dissolved by heating and 
to the solution a few drops of the nitric acid are added and the heating con¬ 
tinued to strong fumes. 

The solution is cooled and hydrogen peroxide added in small quantities 
with vigorous shaking after each addition, until the solution takes on a deep 
brown color. The solution is again heated for 4 or 5 minutes, then cooled 
and 100 cc. of water added, the solution again heated to about 80® C. and 
titrated to a permanent pink color with standard potassium permanganate. 

Note. If the peroxide treatment followed by heating does not result in a clear 
green or blue color, the solution should be evaporated to strong sulphuric acid fumes 
and the peroxide treatment repeated. The presence of nitric acid interferes with the 
reduction of vanadium. 
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VANADIUM IN STEEL-ETHER EXTRACTION—HYDRO¬ 
CHLORIC ACID REDUCTION METHOD 

Reagents 

Hydrochloric Acid. 600 cc. strong HCl and 400 cc. water. 

Sulphuric Acid. Equal volumes of strong H 2 S 04 and water. 

Other Reagents. See Phosphomolybdatc Precipitation Method for Vanadium. 


Procedure 


A sample of 2.5 g. of steel in a 2.50-cc. beaker is dissolved in 50 cc. of the 
HCl, and then small portions of HNOa added to oxidize the iron. After 
expelling the brown fumes by heating, the solution is cooled and transferred 
to an 8-*)z. separatory funnel, together with the rinsings (small portions of 
HCl) of the beaker. Now 50 cc. of ether are added and the mixture shaken 
for 5 minutes. After settling for 1 minute the clear lower layer is drawn into 
another separatory funnel. The first funnel is treated with 10 cc. of strong 
HCl, again shaken vigorously and the settling repeated, the lower layer being 
added to the solution in the second separatory funnel. The combined solutions 
in the second separatory funnel are treated with 50 cc. of ether and shaken 
for 5 minutes, allowed to settle 1 minute and the clear lower layer drawn 
into a 150-cc. beaker. This aqueous solution is warmed gently to expel the 
ether, 25 cc. of the H2SO4 (1 : D added and the mixture concentrated to 
strong fumes. After cooling, 2.5 cc. of water are added followed by a slight 
excess of potassium permanganate solution and the sample heated to boiling. 
15 cc. of strong HCl are added and heat applied until the solution again fumes. 
The heating is continued for 10 minutes. After cooling, 100 cc. of water are 
added, the solution heated to 80° C. and titrated with standard potassium 
permanganate reagent to a permanent pink color. 


Notes. In heating the solution to expel the brown fumes of oxides of nitrogen, 
the solution should not lie boiled. ^ 

In presence of chromium, the pink color will fade on standing owing to the oxiaatiim 
of chromium. The oxidation of chromium is reduix^d by titrating the solution cmd, 
but only ten seconds are allowed for the pink color to remiun. A blank must be run 
with the same amount of chromium and allowance made for its 
is conveniently made by putting a suitable amount of chrome steel “f 
steel through the recommended procedure. Hy varying the 

hence the amount of chromium in solution, data for a charted curve may be obtained 
that will be convenient for a blank deduction. 


47 
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Preparation of a Qooch Crucible 

Asbestos Fibre. —The asbestos for use in Gooch crucibles should be care¬ 
fully selected. The fibres should be moderately stiff, not the “cottony” type. 
Cut the fibre into pieces about J inch long. Ignite the asbestos in a platinum 
dish at low red heat. Cool and transfer to a elean porcelain mortar and 
mascerate to a pulp with strong hydrochloric acid. Dilute with water and 
transfer to a large beaker containing 600-800 cc. of water. Stir thoroughly, 
allow to settle and pour off the milky water. Repeat the washing with water 
until the milkiness, due to powdered fibres, is scarcely evident. Now filter 
off the asbestos onto a Buechner funnel. Again wash with water until free 
of acid. Transfer to a wide mouth bottle, add water in sufficient amount to 
form with the stirred up fibre a thin suspension of asbestos. This is now ready 
for use. If preferred the asbestos may be dried and kept in this form until 
desired. 

Preparation of the Filter. The crucible, either of platinum or porcelain, 
having a perforated bottom, is placed in a funnel tube and the apparatus set 
up as is shown in Fig. 71a. The suction bottle holding the Gooch is attached 
to a second bottle, if a water filter pump is used to obtain the vacuum, as 
there is danger of water being sucked into the apparatus from the tap. Suction 
is now applied and a small amount of the finely suspended asbestos is poured 
into the crucible, in amount sufficient to form a thin pad of the material 
about tV inch thick over the bottom of the Gooch. The felt is washed with 
distilled water, the asbestos drawn down hard. It is possible to see light 
through the bottom of a properly made filter. The crucible is placed in an 



oven and tha filter dried to constant weight at 110® C. For BaSOi and AgCl 
determinatidihs it is advisable to make the filter about twice the above thickness 
to prevent the precipitate from passing through. Whenever the Gooch crucible 
is used, suction should be applied before pouring material into the crucible 
and the suction continued during the washing of the precipitate. 



ZING 

Ed, Ut.Wt. 65.38; •p. 0 r. 6.48 to 7.19; m.p. 419°; b.p. 920°; ZnO oxtdo. 

DETECTION 

The finely powdered material, when heated on charcoal in the reducing flame 
of a blowpipe, gives an incrustation, yellow when hot—white when cold. On 
moistening with cobalt nitrate solution and re-igniting, the mass is giwnish-yellow. 
Materials containing above 6% Zn will give positive tests. With experience, 
less can be detected, but for smaller amounts the regular procedure as given 
under Titration in Acid Solution, Separating Zn as ZnS, should be followed, 
using samples as follows: For material containing 0.01-0.05%, 10 to 20 grama; 
0.05-0.10%, 6 to 10 grams; 0.10-0.6%, 6 grams; 0.5% on up, 2 grams to 0.6 
gram, depending on per cent of zinc present. 

In case the material is of interest, only if it carries higher than several per cent 
of zinc, a shorter and easier wet test is to bring the material into solution by 
means of hydrochloric or nitric acid, add bromine water and then p^ipitate iron, 
aluminum and manganese with anunonia, as given under heading of Deter¬ 
mination of Zinc in Acid Solution, Separating Iron, Aluminum and Man¬ 
ganese with Ammonia and Bromine, filter, wash and make the filtrate acid with 
hydrochloric acid, 10 cc. excess added for each 100 cc. of solution, and potassium 
ferrocyanide added. Zinc, if present, gives the characteristic precipitate. Copper 
interferes and if present must be separated with hydrogen sulphide, as given 
under heading Procedure for Copper-bearing Ores. 

In case manRanese and copper are known to be absent, a still shorter t^t may 
be used: To the solution of the zinciferous material add 2 or 3 giwns of citnc 
acid per 200 cc. solution, then make ammoniacal, add ferrocyamde—a white 
precipitate indicates zinc. 


ESTIMATION 

The determination of zinc is called for in the buying and selling of ores for 
smelters, refuse material, e.g., from galvanizing plants, foundries, brass nulls, 
and blast furnaces, in manufacture of brass, white metals, and alloys ^general, 
paints and pi^ents, zinc chloride for preservation purposes, and in the control 

work in smelting of zinc and lead ores. ... ..... * • „ ...jii 

Preliminary. The method to be followed in the estimation of zme mil 
depend largely on the nature of the material in which it occure, the^qu^tity 
present, and the experience of the analyst. Each of the methods outlined will 
rive correct results only on the materials for which they are mihcated, thw 
being but one method recommended which is applicable.to all zBKiferous mate- 

Chapter by F. G. Breyer, L. 8. Holstein and L. A. Wilson. 
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rials. It cannot be emphasised too strongly that each step has a definite pur¬ 
pose (which may not be at once apparent to the analyst making only an occa¬ 
sional zinc determination), and no part of the procedure should be varied or 
omitted, excepting after abundant experience. 

Preparation of Sample 

The representative sample should be ground to pass a 100-mesh screen or 
finer. If the material contains shot metal, it should be screened out and the 
percentage present calculated. It is then treated as given under heading Material 
Containing Metallics, page 602. 

Moisture Determination in the Pulp 

One of the commonest causes of diiferenres in zinc ore analysis is the failure 
to take moisture determinations on the pulp sample. 

In order that analyses made on the same pulp at different times and in different 
laboratories may be compared it is absolutely necessary that all determinations be 
corrected to a ^y basis. It is not sufficient that the sample be dried before or 
after having been pulped, but a sample for moisture must be weighed out at the 
same time as the sample for analysis, and the analytical result corre ted for the 
per cent of moisture found at the time of weighing. This is especially true on 
roasted zinc ores which contain sulphates of zinc, iron and lime and which take up 
moisture quite rapidly under ordinary atmospheric conditions. 

The usual temperature for drying should be 110° C., but on special ores, e.g., 
those containing sulphates, it is necessary to dry at 260° C. unless it is first shown 
that there is no loss of water above 110° C. 

The determination is best made by weighing approximately two grams in a 
small glass-stoppered weighing tube and drying to constant weight, the weighing 
tube being clo^ with the glass stopper as soon as the tube is token from the 
drying oven. 


SEPARATIONS 

Silica. Evaporate with hydrochloric acid or take to fumes of sulphuric 
acid. The dehydration with sulphuric acid is complete and gives silica that is 
easily filtered and washed. 

Cadmium, Lead, Arsenic, Antimony, Bismuth and Copper. Aluminum 
may be used to separate all the metals, except cadmium, the latter being only 
partially separated. The procedure is as given in the standard method. 

The separation may also be made as follows: Evaporate the solution of the 
zinciferous material to fumes with 7 cc. of 1: 2 sulphuric acid. Cool, take up in 
about 50 cc. of water and warm, add 10 cc. of 10% sodium thiosulphate, boil 
until evolution of sulphur dioxide ceases, then filter. Cadmium if present is not 
precipitated. It should be separated by the procedure given under Titration in 
Acid Solution Separating Zinc os Sulphide. 

Iron, Aluminum and Manganese. This separation may be effected by 
precipitation with ammonia and bromine, providing the quantities present are 
snail. When large amounts are present the basic acetate procedure is followed, 
or, better, the zinc separated us sulphide in dilute sulphuric acid solution, page 605. 
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Nickel and Cobalt When nickel or cobalt are present, the only safe pro* 
cedure is to separate the sine as zinc sulphide in dilute sulphuric acid solution, 
as described under the standard method. Weiss has shown conclusively that 
zinc can be precipitated free from either cobalt or nickel under the conditions 
there outlined. 

METHODS OF ANALYSIS 

I, Gravimetric methods. 

II. Electrolytic methods. 

III. Titration with standard solution of K»Fe{CN),. 

(o) In acid solution. 

(b) In alkaline solution. 

(c) In acid solution, separating Zn ns ZnS. (Standard method.) 

GRAVIMETRIC METHODS 

’ Weighing as Zinc Oxide 

In this case the procedure is the same as in the volumetric method, in which 
zinc is separated as zinc sulphide up to point wliere the zinc sulphide is filtered 
off and washed. It is now ignited in a weighed crucible and heated to 800 to 
900° C. in a muffle for one hour and weighed as ZnO. Factor ZnOx0.8034 = Zn. 

The precipitate of zinc sulphide may also be filtered on a Gooch crucible, 
and ignited as above. 

Weighing as Sulphate 

The zinc sidphide is dissolved in hydrochloric acid. Sulphuric acid is added 
and the solution evaporated in a weighed crucible, all excess acid fumed off and 
the resulting zinc sulphate finally ignited .at a dull rod heat and weighed. 
ZnSO,X .405= Zn. 

Electrolytic Methods 

The determination is best made from an alkaline electrolyte or one slightly 
acid with acetic acid and containing a considcsrable amount of sodium acetate. 
The alkaline electrolyte tends to give high results, duo to the presence of zinc 
oxide or hydroxide in the deposit. The best results are obtained with a solu¬ 
tion weakly acid with one of the weaker organic acids. The procedure for the 
acetate electrolyte is as follows: 

The zinc is separated from other elements by precipitating with hydrogen 
sulphide in dilute sulphuric acid solution, as given under the standard^ method. 
The precipitate is filtered and wa.shed, dissolved in hot hydrochloric acid 
5 cc. 1 : 1 sulphuric acid added and the whole evaporated to fumes to expel hydro¬ 
chloric acid. Cool and dilute, neutralize with sodium hydrate solution, make 
slightly alkaline, then acidify with acetic acid, and add about 5 grains of sodium 
acetate. The .voluir.e of solution should now be about 100 to 125 cc. Elec¬ 
trolyze with a platinum gauze electrode with 0.5 ampere at 5 Wolts. 

The electrolytic methods, on account of the special apparatus needed, the. 
experience and care necessary to get reliable results, and the unavoidable errors 
involved in their use, are less desirable than the gravimetric oxide method and 
still less desirable than the ferrocyanide method. 
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VOLUMETRIC METHODS 

Titration in Acid Solution, Separating Iron, Aluminum, and 
Manganese with Ammonia and Bromine 

General. This method is especially adapted to material low in silica, alumina, 
iron, and manganese, When the operator gains experience in manipulation, it is, 
possible to obtain good results on samples higher in these elements, but its hap¬ 
hazard use with materials high in these impurities is one of the chief causes of the 
common inaccuracy of zinc work. If copper or cadmium are present in quanti¬ 
ties, the titration in acid solution, separating 2bi as ZnS, is to be preferred for 
accurate work. 

Procedure for Ores. One-half or 1 gram (depending on the per cent of zinc 
present) is weighed in a 250-cc. beaker. Fifteen cc. of hydrochloric • acid (sp.gr. 
1.2) are added, a cover-glass put on, and the ore agitated to prevent caking. Boil 
down to a volume of about 5 cc.‘ cool, wash down cover-glass and sides of beaker 
with a jet of water. Add 10 cc. of saturated bromine water, 5 grams of ammonium 
chloride and 15 cc. of ammonia water (sp.gr. 0.90) and boil vigorously for a 
minute or two. Filter off the precipitated hydroxides, and wash four times with 
hot water, containing 60 grams ammonium chloride and 25 cc. ammonia per 
liter. The precipitate is now washed from the filter into the beaker in which 
the original precipitation was made, and the precipitate dissolved in strong 
hydrochloric acid. Ten cc. of ammonia (sp.gr. 0.9) are added,* the solution 
boiled, filtered and washed as before, the filtrate being ,aombined with the first 
filtrate.* The solution is then diluted to 250 cc., heated to boiling, and 4 drops of 
anunonium sulphide solution added to destroy oxidizing agents * and pre¬ 
cipitate small amounts of copper and cadmium. The solution is neutralized 
with hydrochloric acid, the resolution of the precipitated zinc sulphide serving 
in lieu of an indicator. Ten cc. excess of concentrated hydrochloric acid are 
added ‘ and the solution titrated, not below 75° C., with standard ferrocyanide, 
using uranium nitrate (10% solution)* as an external indicator. 


, Standardization of the Ferrocytmide Solution 

The potassimUrferrocyanide is standardized by weighing out portions of C.P. 
zinc that wiU..®ve a titration of approximately the same number of cc. as the 
sample. Difaolve in 1 5 to 20 cc. of ^drochloric acid and dilute to about 225 cc. 

‘ Nitric acid should bedded in case of sulphide ores^ 

* In case of siliceous ore, it is advisable to evaporate to dryness, and on unknown 
material to evaporate slowly, in order to make sure of complete solution of the zinc. 
Certain siliceous and oxide ores are difficultly soluble in hydrochloric acid, and fre¬ 
quently cause low results, where rapid decomposition is the routine. 

* In case of high silica, alumina, iron, and manganese materials, three precipitations 
are necessary. 

. * It is necessary to destroy all oxidizing agents, as they will react with the ferro- 

cyanide. , 

* The excess of hydrochloric acid should bo carefully measured. A burette is very 
ifuseful in neutralizing the solution. 

'The strength of the uranium nitrate is a matter of personal preference, some 
using a saturated solution. On the other hand some prefer ammonium molybdate. 
The strength of solution given above, however, is recommended as the first choice 
of a large number of experienced zinc chemists. 

* In presence of manganese 10 cc. of saturated bromine water are added. 
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Then add 37 co. strong anunonia,* taking care to avoid spattering, heat to boil* 
ing, add 4 drops of ammonium sulphide, neutralize and add 10 cc. excess hydro¬ 
chloric acid and titrate. 


General Notes 

The precipitate with ammonia carries down zinc. Thh is especially true with 
siliceous material or material high in iron and alumina. By worluug with hot am- 
moniacal ammbnium chloride solution and making two or three precipitations, the 
amount held can usually bo made negligible. 

The precautions in regard to adding ferrocyanide and keeping conditions of stand¬ 
ardization and titration the same, hold here as in all ferrocyanide titrations. 


Titration in Alkaline Solution 


General. This procedure is designed for mpid routine work on roasted or 
oxidized ores, especially those high in silica, alumina, iron, and manganese. It 
should only be used on unroasted sulphides, copper, or high cadmium-bearing 
ores, when the operator has had long exiierienco. It is designed to give the zinc 
content of materials soluble in hydrochloric or nitric acid. For materials con¬ 
taining insoluble zinc, the titration in acid solution, in which zinc is separated 
as sulphide, is preferred. 

Procedure for Common Ores. The following method is recommended: 
The weight of ore to be taken will deiiend on the approximate amount of zinc 
present. For material above 50%, take 1 gram; from 10 to 60%, 2 grams; 
5 to 10%, 4 grams; and below 5%, 5 to 10 grams. Weigh the sample into a tall 
40O-CC. beaker, cover with water and add 25 cc. concentrated hydrochloric acid, 
rotating the beaker to prevent caking. In case sulphides are present, nitric acid 
also should be added. Place on a hot plate or .steam bath and evaixirate to dryness.* 
Now add 40 cc. concentrated nitric acid, cover with n watch crystal and boil 
off all nitrous fumes. When these have disappeared, add about 3 to 4 grams 
KClOi and boll until chlorine fumes do not show.* Cool, wash off the watch 
crystal and sides of the beaker, and dilute to about 100 cc. Wash into 500 cc. 
graduated flask, make up to the mark and shako well, filter through a close 
24-cm. qualitative paper and without waiting for the whole to run through, 
measure out 250 cc. of the clear filtrate * into a 600-cc. beaker. Add ferric nitrate 
solution, if necessary, so as to bring the iron content up to about 300 to 400 milli¬ 
grams, i.e., if only a small amount is present, add 10 cc.; if 10 to 15% is present, 
add 6 cc., and proceed exactly as under Standardization. ^ 

Procedure for Copper-Bearing Ores. Either method is recommended: 

Separation of Copper by Aluminum, The sample is treated as usual up to 


* The amounte of acid and ammonia used throughout should be carefully measured, 
so as to keep the amount of ammonium salts approximately the same. 1 his is very 
important in order to avoid errors, duo to varymg blanks. 

* The temperature of the hot plate should not oe over 120 C., as ZnCU is appre¬ 
ciably volatile at higher temperatures. 

* Any oxidizing agent such as chlorine or chlorine^ oxides acts on the ferrocyanide. 
4 Tphe graduated flasks should be standardized against one another, i.e., the 600 cc. 

should be twice the volume of the 250 cc. 
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the point where manganese has been separated and 250 cc. of the clear filtrate 
meaaui^ out. Add 25 cc. 1 :1 sulphuric acid and evaporate to strong fumes, 
cool, dilute to 100 cc., add a gram or two of 20-mesh zinc-free aluminum. Heat 
until all the copper separates, filter, wash and proceed with the filtrate as in the 
regular method, after oxidizing iron with a few drops of nitric acid. 

Separation of Copper by Hydrogen Srdphide. After separation of the man¬ 
ganese with chlorate, sulphuric acid is added and the solution taken to fumes, 
as in above. Cool, dilute to 100 cc., and add sulphuric acid so that 12% is 
present. Warm slightly and pa.s8 hydrogen sulphide through the solution. Filter 
off the copper sulphide, wash, boil HsS out of the filtrate, and titrate as usual, 
after adding ferric nitrate and citric acid. 

Material Containing Cadmium. If the material contains cadmium in 
quantities sufficient to warrant separation (0.15% or more), it is best to use the 
titration in acid solution, separating zinc as sulphide. 

Material Containing Carbonaceous Matter. If the material under examina¬ 
tion contains carbonaceous matter, coal, etc., it mu.st be separated by taking to 
dryness with hydrochloric acid. Take up in acid and water, filter and wash, 
and evapor.ate the filtrate to dryness. Take up in nitric acid and proceed as in 
the regular method. 

If the earlmnaceous material is not removed, the manganese does not sepa¬ 
rate cleanly, due to the reducing action of carbonaceous compounds. 

Procedure for Material Containing Metallics. On account of the lack of 
uniformity in the case of metallic zinciferous material containing lead and 
iron, it is well to work on largo samples. Five or 10 grams of the metallics 
reduced to as fine a size as |)ossil)lc arc weighed out and dissfjlved in nitric 
acid. The nitrous fumes am boiled off and the whole made up to 500 cc. or 
1000 cc. Fifty or 100 cc. are now pij)ettcd off into a (lOO-cc. beaker and the 
zinc titrated as usual. In case the metallic portion contains manganese, 
which is unusual, it can l)c separated by the regular procedure. Copper 
is separated as given under (>)pper-be8ring Ores, \iaterial containing 
cadmium should bo analyzed by other methods, as given under Standard Pro¬ 
cedure. 


Solutions 

Potassium Ferrocyanide. 34.8 grams pure salt in 1000 cc. water. One cc. == 
approximately .0075 g. Zn. This solution should be allowed to stand about four 
weeks before using. 

Ferric Nitrate. One part salt in G parts water. It is well to add a little nitric 
acid to'prevent hydrolysis. 

Citric Acid. One part acid in 3 parts water. One hundred cc. of nitric acid 
should be added to each liter to prevent mould growth. 

Standardization. The factor for the standard solution varies slightly, as 
would be expected, with the amount of ferrocyanide used, so that it is best to have 
at least three sets of factors, one at 40 cc., one at 20 cc., and one at 10 cc. 

Weigh into 600-cc. beakers at least three portions of C.P. zinc. Dissolve the 
metal in about 10 cc. nitric acid, first covering with water. Boil oS the nitrous 



zmo 


603 


fumes and dilute to 2S0 cc. with distilled water. Add 10 cc. of ferrio nitrate solu¬ 
tion, and 15 cc. citric acid solution, make faintly anunoniacal, using a piece of 
litmus pap)er as indicator. Then add a measured excess of ammonia, as follows: 
40 cc. factor, 20 cc. excess; 20 cc. factor, 10 to 12 cc. excess; and for low titra¬ 
tions make only faintly anunoniacal. Heat the solution to a full boil, and titrate 
immediately with the standard ferrocyanide, stirring the solution UuvougMy 
and adding ferrocyanide not too rapidly. The titration is completed when a 
drop of solution gives a bluish-green coloration with a drop of 50% acetic acid 
on a spot plate. To prevent passing the end-point, or until the operator is expe¬ 
rienced, a portion (50 cc.) of the solution may be held back in a small beaker, 
the end-point passed, and the titration completed after adding the part in the 
small beaker. 


General Notes 

A standard zinc solution may be used in case the end-point is passed. However, 
this is not to be recommended as a usual practice. In any case it should be very 
dilute, so that 1 cc. =0.001 gram zinc. 

The ferrocyanide should be added gradually and the solution stirred constantly, 
to prevent occlusion of ferrocyanide or zinc solution by the heavy precipitate. 

A moisture samj>lc shoulcf be weighed at the same time as the sample fur analysis. 

The variation of factor with amount of zinc titrated is mure marked in this method 
than in the titration in acid solution. Hence, it is necessary that standards be run 
covering the whole range of zincs to be titrated. It will be found that the factors 
from 30 to 50 cc. are abnost the same and from 15 to 30 cc. slightly lower, from 6 to 
16 cc. still lower. 

The zinc used as a standard should be carefully examined for foreign particles 
and oxidized zinc. In ca.se stick zinc is used, the surface should be scrafred clean 
before cutting. Merck’s and Kahlbaum’s stick zinc, as well as linker & Adamson’s, 
biraer & Amend’s, or .1. T. Baker’s powdered zinc answer the purpose as regards 
metallic impurities. It is desirable to check the factor by means of a standard 
ore. 

The standard of the ferrocyanide solution should be frequently check^, at least 
once every ten days. A solution of such a strength that 1 cc. equ^ 10 milligrams of 
zinc has in glass a temperature coefficient sufficient to decrease the factor 0.2 % per 
5° C. rise in temperature, so care should be taken that no sharp change of t^- 
perature occurs between standardization and titration. 

The factors in alkaline and acid solution arc not identical. In alkaline solution 
the precipitate closely improaches the nonnal ferrocyanide, while in acid solution 
there is formed a double ferrocyanide of zinc and iiolassium. 


Standard Method 

Titration in Acid Solution—Separating of Zinc as Sulphide 

OeneraL The method of separating zinc as sulphide in a solution slightly acid 
with sulphuric ac'.d is of almost universal application, and can be used on any 
class of zinciferous material that has come under the author’s observation. The 
steps fit together, so that copper and cadmium are easily separated and any zinc 
in the insoluble state, e.g., spinels, etc., can readily be looked for. The method 
of decomposing (taking to fumes of sulphuric acid) tends to take into solution 
material that would be overlooked in the rapid decompositions effected in the 
preceding methods. Moreover, the use of the internal indicator gives a very 
sharp end-point, so that this method is fully as accurate as any gravimetric 
method. The method is more time consuming than the ones already given, but 
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it is Dot designed for rapid routine work, but rather as a standard procedure 
that will give absolutely reliable results on all classes of material. This method 
is also recommended for routine work in case the analyst is called on to nmke 
only occasional zinc analyses. 

Standardization of the Ferrocyanide Solution 

Note. The standardization of the solution is given first, on account of the 
method of titration. 

Weigh into tall 400-cc. Ijeakcrs several portions of C.P. zinc, using about 
0.35 gram. Cover with water and dissolve in 10 cc. hydrochloric acid (sp.gr. 
1.2). Now add 13 cc. ammonia (sp.gr. 0.9), make acid with hydrochloric acid, 
and add 3 cc. excess. Add 0.03 or 0.04 milligram of ferrous iron in the form of 
a ferrous sulphate solution and dilute to alxiut 200 cc. with distilled water. Heat 
to boiling and titrate as follows: About ono-ciuarter of the solution is reserved 
in a small teakor and the ferrocyanide added to the nuvin solution with vigorous 
stirring. The solution takes on a blue color, which changes to a creamy white 
when an excess of ferrocyauidfs is added. Now add a few cc. more and pour in the 
reserved portion of zinc solution, excepting about 5 or 10 cc. Add ferrocyanide 
until the end-point is reached and add about J cc. more. The last of the reserved 
zinc solution is then [)ourcd into the main be!ik<!r, washing out the .small beaker 
with a portion of the main solution, and the ferrocyanide added drop by drop 
until the blue color fades sharply to a pea green with one drop of ferrocyanide.* 
This is the end-point. Uope.at until satisfactory standards are obtained. 

Procedure. Weigh into a tall 1.50-ec. teaker an amount of sample so that 
it gives a titration of about 40 cc., i.e., .5 grams for a 10% ore to i gram for 60% 
ore and over. Moisten with water and add 10 ee. of hydrochloric acid (sp.gr. 
1.20), cover with a watch-glass. In cast! of sulphides it Is necessary to add 
nitric acid. Boil moderately on a hot plate for half hour or so. Remove and 
wash down cover-glass and sides of beaker, add 10 cc. of 1 : 1 HsS 04 and evaporate 
to strong fumes of suli)huric acid. In case of very .siliceous material, it is well to 
break up the silica with a glass rod before adding the sulphuric acid. After 
fuming, the solution is cooled and diluted to 40 to 50 cc. and about a gram of 
20-me8h aluminum added. Cover with a watch crystal and boil until water white 
(atx>ut ten to fifteen minutes). This will reduce the iron and precipitate all the 
hydrogen sulphide metals, except cathnium.’ The silica and precipitated metals 
are filtered off and washed with hot water. 

Add 5 cc. of 1 : 1 sulphuric to the filtrate and dilute to 100 cc. Pass a rapid 
stream of* hydrogen sulphide through the solution for fifteen minutes. Add 
dilute ammonia, a drop at a time until yellow cadmium sulphide precipitates. 
Then heat the .solution to 70 to 90° C. and continue to pass hydrogen sulphide 
for a few minutes. Filter at once through a close paper previously packed by 
washing with a polysulphide, an acid and water.* The precipitate is washed with 
cold 8 to 10% sulphuric acid and finally with hot water. The filtrate is boiled 
to remove hj'drogen sulphide, cooled, neutralized with potassium hydroxide 

• It is only by adding an excess of lerrocyanide that one is assured of a precipitate 
of normal composition. 

' Cadmuun is iwrtially precipitated, but goes back in solution. 

•All the cadmium is separated, except about 0.05%, which does not interfere 
with the titration at the given acidity. 
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solution, and finally potassium carbonate solution, to within an acidity of a 
couple of drops of 20% sulphuric acid. Methyl orange is used as an indicator. 
Add from 2 to 4 cc. of 5% • sulphuric acid per 100 cc. of solution according to 
the amount of zinc present. Cool thoroughly.* A rapid stream of hydrogen 
sulphide is now passed through the solution for forty minutes.* .■Vllow the 
precipitate to settle ten or fifteen minutes, filter and wash with cold water. A 
hole is punched in the filter paper and the sulphide washed back into the beaker 
in which it was precipitated. The filter paper and glass tube are then washed 
with 10 cc. of hydrochloric acid in hot water, catching the washings in the same 
beaker. Boil off the hydrogen sulphide, add 13 cc. of ammonia (sp.gr. 0.9), 
neutralize with hydrochloric acid, add 3 cc. excess and dilute to 200 cc. Heat 
to boiling and titrate as under Standardization. When cadmium is absent or 
present in quantities less than 0.05, the procedure is of course shortened con¬ 
siderably. 

To Separate Cadmium Electrolytically. After filtering off the silica and 
precipitated hydrogen sulphide metals, add 1 cc. of 1 : 1 sulphuric acid, dilute 
to 125 cc. and electrolyze with 0.8 to 1.0 ampere |)er 1(X) sq.cm, of electrode sur¬ 
face for 1§ hours at 2.95 to 3.05 volts. Proc(H>d with the residual solution as 
above. As in all electrolytic separations the current must be carefully watched. 

Procedure with Material Containing Insoluble Zinc 

Proceed as usual up to point where the solution is to be reduced. Filter 
off the .silica and insoluble material, w.ash with hot water and proceed with the 
filtrate as usual. Hum the insoluble residue in a idatiiium cnicible, taking the 
usual ])recauti<ms in case hiad is present. Fume off the silica with hydrofluoric 
and sulphuric acids, and fuse with acid potossium sulphate. Dissolve in water 
and sulphuric acid and proceed as in the regidar method. The solution may be 
added to the main portion or titrated .separately. 

Discussion on Separating Zinc as Zinc Sulphide and Titrating 
in Acid Solution 

Precipitation. The method of precipitating zinc as sulphide in sulpnuric 
acid solution was investigated by G. W'ciss (Inaugural Dissertation, Mtlnchen, 
1906), and the work confirmed by F. G. Breyer. 'I'he main points of Weiss’ paper 
are as follows: 

1. “Sulphate solutions are preferable to chlorides.” A N/10 chloride 
solution is not completely precipitated by HjS. Furthermore, the precij)itate of 
sulphide from HCl solution when quantitative is not crystalline and easy to 
filter like that obtained from .sulphate solution. 

2. “ The concentration of a sulphate solution is without influence on the 
completeness of precipitation from N/lO down. That is for solutions containing 
at most 400 milligrams ZnO per 100 cc.” 

3. “ Sulphate solutions of 4(K) milligrams ZnO per 100 cc. may be N/lOO acid 
with HjSOi before beginning the precipitation.” Even at acidity N/20 before 

' Bear in mind at this point the acid liberated by the action of HjS in the zinc 
sulphate. See Discussion below. 

* In cold solution the precipitate is more granular and easier to filter. 

* The hydrogen sulphide should pass through at a rate of at least eight bubbles per 
second. 
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precipitation less than a milligram of zinc remains unprecipitated. According 
to Weiss, if the solution were diluted to 300 cc. 1.3 grams of H ^04 could be 
added or 6i cc. of 20% Hj804, and still have the precipitation complete. Even 
if as much as 10 cc. of 20% acid were added the loss w;ould still be only a little 
more thfo 1 milligram. Precipitating 300 milligrams from 100 cc., however, 
only 100 milligrams or i cc. of W% acid could be added. This means that when 
the solution becomes more acid than 650 milligrams of H 2 SO 4 per 100 cc. the 
precipitation of ZnS ceases. Knowing approximately the zinc content of a 
solution one can easily calculate the HjS 04 , freed when the ZnS04 is converted 
into ZnS, and the difference between 550 milligrams and this calculated H]S 04 
is the amount of acid that may be added when precipitating from 100 cc. of solu¬ 
tion. For two hundred cc. of course more acid can be added, being the differ¬ 
ence between 1.100 grams and the calculated H 2 SO 4 freed from the ZnS 04 . 
One and one-half times the amount of Zn judged to be present is close enough 
for the H 18 O 4 freed. 

4. “ The precipitation, under the above given conditions, is incomplete when 
a slow current of hydrogen sulphide is used (about four bubl)les per .second). One 
must work with as fast a stream as possible without causing mechanical losses 
(at least eight bubbles per second).” Weiss is the first one to discuss this all- 
important question in the precipitation of ZnS. His explanation of the efficacy 
of the rapid stremn of HjS is as follows: 

The precipitation takes place according to the following equation: 

ZnS 04 -l-H 2 S fc? ZnS-t-H2S04. 

Equilibrium is reached, i.e., the velocity becomes equal in both directions, and 
precipitation ceases when the amount of HjSOi per 100 cc. reaches a certain 
p(jint, under a given set of conditions. I.et the.se conditions remain exactly 
the same with the exception of the lIjS and have the active ma-ss of that increa.sed. 
The equilibrium will be displaced from left to right and as a consequence ZnS 
will come down in the presence of more acid than liefore. HjS is not very sol¬ 
uble in water at room temperature, but if one increases the surface of contact 
between the two the HjS is dissolved much more rapidly and consequently the 
mass of HjS active at any time greatly increa.sed. This is exactly what is accom¬ 
plished when the zinc solution is constantly kept full of bubbles of H»S. One 
can easily see how greatly increased the mass of HjS would be in. the extreme 
case, when the solution is all foam. 

6. “ A strong current of gas, like that called for above, will precipitate the 
usual amounts of zinc used in aiialytical operations in forty minutes.” 

6. “'At temperatures above 50° the precipitation is incomplete; further¬ 
more, at room temperature the ZnS comes down in. a form suitable for filtra¬ 
tion.” 

7. ‘‘ Water only is required for washing the precipitates.” 

End-point. The change of color from blue to pea green is very sharp. It 
should be observed by looking down through the solution and not from the side. 
The change in color may be explained as follows: The ferrocyonide, having 
stood for three or four weeks, has oxidized slightly to ferricyanide, due to dis- 
/.solved oxygen in the water. The few tenths of a milligram of ferrous iron added 
acts with this ferricyanide giving the fcrro-ferricyanide blue as long as the ferro- 
cyanide is not in excess. When it is in cxocss the blue is decomposed and gives 
the colorless ferro-ferrocyanide. 
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Rapid Ferrocyanide Method for Determining Zinc in Ores 
Outside Indicator 
Removal of Interfering Elements 

1. 0.5 gram of ore. 8-oi!. Erleiimeyer flask. 5 cc. of HCl, 10 cc. HNO,. 
Boil gently almost to dryness. Remove from heat. Add 12 cc. HNOj and 
6 grams (measured) of KCIO3. Boil gently just to dryness, finishing by 
manipulating flask (in holder) over free flame. 

2. Add 35 cc. of Extraction Solution and heat to boiling, boiling very 
gently until disintegration is complete. Now add 10-25 cc. of saturated 
bromine water, according as manganese contents appear low or high, as 
indicated by brown color of residue. 

3. Boil a minute or two longer and then filter through an 11 cm. filter 
containing a small moistened wad of absorbent cotton in the ai)cx. Receive 
filtrate in a 400 cc. beaker. Wash out the flask with hot water. Remove 
adhering residue with rubber-tipped glass rod, or dissolve it with a few drops 
of HCl, then add 5 cc., or an excess, of NII4OH and rinse into filter, finally 
washing out flask several times with hot water. Now wash filter and residue 
10 times with hot Wash Solution. 

Precipitation of H2S Group 

4. Add a little litmus solution to filtrate as indicator, stir and cautiously 
add HCl just to acidity, then 3 cc. in excess. Dilute, if necessary, to 200-250 
cc. with hot water and heat nearly to boiling. Now add 50 cc. of saturated 
HjS water and then the hot liquid is ready for titration. 

Titration of Zinc 

5. Pour off about half the liquid as a reserve and titrate the balance until 
the end-point is passed. Use a spot-plate in which about 2 drops of a 15% 
solution of uranium nitrate have previously been placed in each depression. 
Transfer the zinc solution to the spot-plate with a glass tube instead of a rod, 
taking only a drop or two for each test, except for the final tests of the titration, 
when about'l of a cc. should be taken. After the first cnd-poitit is passed 
add a portion of the reserve and again pass the end-point. Repeat this, 
each time with more caution, until the reserve is reduced to about 5 cc. Now 
titrate, 6 drops at a time, until the end is again observed, then pour tlje entire 
liquid, or most of it, over the 5 cc. of the remaining reserve and then back 
into the same beaker again and finish the titration 2 drops at a time until 
the end-point, or brown tinge, is plainly apparent. Read the burette. Allow 
a couple of minutes for the tests to fully develop and then deduct from the 

* burette reading for as many tests as show and fur 1 drop additional. Multiply 
the number of cc. of ferrocyanide solution used by the percentage value of 1 cc. 
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Reagents 

6. Extraction Solution. 200 grams of commercial ammonium chloride 
dissolved in a mixture of .500 cc. of strong ammonia and 750 cc. of water. 

Wash Solution. 100 grams of commercial ammonium chloride, 50 cc. of 
strong ammonia. Dissolve and dilute to 1 liter. 

7. Standard Ferrocyanide. K4Fc({;N)t.31l20 21.0 grams to the liter. 
1 cc.=about 0.005 gram Zn,.or 1%. Standardize on about 0.2 gram of pure 
ziiic. Dissolve in 10 cc. of HCI. Dilute somewhat, neutralize as above, 
complete the dilution, heat and titrate precisely as described above. No 
filtration or HjS water necessary. 


Notes 

Potassium chlorate if added to precipitate the manganese and to dilute the mass 
with siilts facilitating the suljsecjuent zinc extraction. The presence of llCl is unde¬ 
sirable, hence an excess of HNds should be pn^scuit to exisd llCl during evaporation. 
Bromine water is added to insure complete |>recipitution of manganese. 

The degree of acidity is imjsntant as it has a direct influence on thee nd point. 
Two drops (i.e. one drop excess) are nece.M.sury to prc>iluce a color at the end point, 
hence the deduction of one drop is made. 

The zinc compound formed hivs apiiroximately the following composition— 
KiZnFc(CN)«.ZntFe(CN),, the precipitating reagent is K4Fe(CN)«..3IIjO, two molecules 
of this reagent (422.37 g. X2) precipitate three atoms of zinc (0.5.38X3) hence a reagent 
containing 21..54 grams is eouivalcnt to .5 grams of zinc or to 0.005 g. Zn per cc. 

In presence of Fe and M.O. indicator the color is lavender changing to pink at 
the end point. If phenolphthnlein is the indicator, the end point is a pea green (from 
robin’s egg blue) liecoming white or gray with an excess of ferrocyanide reagent (HjS 
present in large amount interferes). 

Determination of Zinc in Alloys. See chapter in volume 2. 

False Endpoint. During the titration with potassium ferrocyanide with 
too rapid addition of the reagent a false cndjxiint is obtained. This is recog¬ 
nized by the fact that an additional amount of reagent causes no deepening 
of the brown color with the uranium indicator. With additional reagent, 
heating and stirring no furtlier brown color is produced. When the true end¬ 
point is reached an addition of more ferrocyanide results in a decixir color of 
the spot test. The solution stirred and Imiled still gives the test. 

If considerable copjier and lead are present in the ore, it i.s advisable to 
remove these from the solution. The addition of paper pulp assists in the 
settling of the sulphides, enabling a test to be made witli the clear supernatant 
solution. With the dark susjiendcd sulphides a sharp endpoint can not be 
obtained, so that it is advisable to allow the solution to settle and test using 
the clear liquor. 
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DETERMINATION OF SMALL AMOUNTS OF ZINC 

The following method is applicable to samples containing 0.05% Zn or leas. 

Procedure. A large sample, 10 or 20 grams, is brought into solution by the 
standard procedure, taken to fumes of sulphuric acid and the zinc precipitated 
as sulphide after separating groui)s 5 and 6 by the procedures given under 
Standard Method, filtered and dissolved in hydrochloric acid. The sample is 
now washed into a 100-cc. Nessler tube, 5 cc. of ferrocyanide added and "the 
whole made up to the mark, mixed by pouring into a lx>afer and then back into 
the tube. A standard containing the same amount of acid is made up and a 
standard zinc chloride solution added until the turbidity of standard and unknown 
are the same. From the amount of zinc added to tlie standard the percentage 
can be calculated. The standard zinc solution is made up by dissolving C.P. 
zinc in hydrochloric acid and diluting so that 1 cc. is ecjual to 1 milligram of 
zinc. 


SPECIAL METHODS 

Determination of Metallic Zinc in Zinc Dust 

Discussion. There have been various methods i)ropose(l for determining the 
metallic zinc content of zinc dust. Most of these are based upon its reducing 
power. The latter may be determined by any one of many ways, although the 
results from different methods will not l>c concordant, due to the inaccuracies 
inherent with most of the methods. Potassium bichromate, iodutc, ferric sulphate, 
and iodine have been ustsl for measuring the reducing jM)wer of zinc dust. Fre- 
senius also proposetl di.s.solving the zinc dust in tliluto sulphuric acid and after 
drying passing the hydrogen over heated copiH>r oxide in a combustion tube, ab¬ 
sorbing the water formed in a calcium chloride tiitx^ and weigliing. 

There have also been methods deviseil bas(sl on the volume of hydrogen evolved 
when a sample of zinc dust is dissolved in dilute acid. .Several investigators have 
concluded from companitive investigations that the gasomctric determination of 
the hydrogen evolved gives the mo.st consistently accurate results. The best 
arrangement of apparatus for carrying out this hydrogen evolution methtxl is 
shown in Fig. 72. The time required for a determination is about 1\ hours. 

Procedure. One gram of zinc dust is weighed and transferre<l as rapidly as 
possible to a small Erlenmeyer flask A, of 100 or 200 cc. capacity, in which is 
placed a piece of sheet platinum about 1.5 cm. square. About 5 g. of clean un¬ 
oxidized ferrous sulphate crystids are arlded on top of the zinc dust and the flask 
nearly filled with distilled water saturated at room temperature with hydrogen 
gas. 

The object of adding the sheet platinum and ferrous sulphate is to increase the 
rate of hydrogen evolution by cataljdic action. A further reason for adding the 
ferrous sulphate on top of the zinc dust sample is to coagulate the latter as much 
as possible when it becomes wetted, and thus prevent the floating of more than 
an unappreciable amount of the sample. 
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The rubber stopper containing separatory funnel B and connecting tube C is 
tightly inserted into the neck of the flask. A little distilled water is poured into B 

and the three-way stop-cock in C turned to connect 
the flask with the downward outlet. Enough water 
is now run in from the separatory funnel to displace 
all the air in the flask and the connecting tube 
through the bore in its stopcock. The stopcock in 
C is now turned so that the downward outlet is in 
connection with the mcasuritkg tube D. By raising 
the leveling bottle E, containing 10 per cent, sul¬ 
phuric acid also saturated with hydrogen at room 
temperature, all the gas in D is displaced. The 
stopcock in C is now turned through 90 deg. so as 
to connect the decomposing flask A with the meas¬ 
uring tube D. The system is hence completely filled 
with liquid and ready for the generation of hydrogen. 
The measuring tube D has a total capacity of 400 
cc. and is graduated from 250 to 400 cc. by 0.25 cc. 

Thirty cubic centimeters of 1 : 1 sulphuric acid 
are now poured into the separatory funnel. A small 
portion of this acid is allowed to run into the de¬ 
composing flask until a bnsk but not too rapid evo¬ 
lution of hydrogen takes place. The acid, being 
much heavier than water, settles to the bottim of 
the flask and the action commences immediately. 
The gas evolved, together with some solution and a 
very small amount of zinc dust passes over into the 
measuring tube, displacing the acid there. When 
the action in the decomposing flask has slowed down, 
mure strong acid is introduced until all has been 
added. During this time the acid in the measuring tube and flask is shaken so 
as to wash down the particles of zinc dust from the upper parts of the flask and 
tube now filled with gas. The particles in the measuring tulxi on coming in contact 
with the 10 per cent, sulphuric acid are readily dissolved and generate their portion 
of hydrogen. 

When all the zinc dust luis been dissolved, water is run in from the separatory 
funnel to force the hydrogen over into the measuring tube and to fill the flask and 
connecting tube with water through to the stoiMJock which is then closed. After 
leveling With the leveling bottle the volume of hydrogen generated from the 1-g. 
sample at the prevailing atmospheric conditions is read from the measuring tube. 
The percentage of metallic zinc in the sample is then calculated from the following 
expression: 

r. . VX(P-p)X0.29196 

Per cent, of Metallic Zinc = ^ , 

(1+0.003670760 ’ 


Fio. 72. 


in which volume of gas in measuring tube at atmospheric imnditions, P — 
barometric pressure, p» vapor tension of water above 10 per cent, sulphuric acid 
at room temperature, and 1-room temperature. 

Necessary Precautions. To obtain results of the highest accuracy, it is 
necessary when weighing out samples of zinc dust which are very finely divided, 
to keep the time of exposure as small as possible in order to minimize the oxidation 
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that takes place with the oxygen of the air. It is also highly important when 
samples are to be held, that they be kept in ground glass stoppered bottles, com¬ 
pletely filled, and sealed with paraffin or wax. 

The two variables most likely to affect the results are temperature and baro¬ 
metric pressure. A cliangc in the barometric pressure is practically always ex¬ 


tended over a rea¬ 
sonable length of 
time. A careful 
reading of the 
barometer when 
the volume of gas 
in the measuring 
tulxj is read will 
eliminate any error 
from tliis source. 
A temperature 
change, on the 
other hand, affects 
not only the vol¬ 
ume of gas, accord¬ 
ing to Charles’ law, 
but also affects the 
vapor tension of 
water and hence 
the actual pressure 
of the hydrogen 
when measured. 

The rubber con¬ 
nection l)etwcen 
the connecting and 
measuring tubes 
must be of heavy 
rubber and should 
be shellacked. 

The vapor ten¬ 
sion of water is 
slightly lower 
above 10 per cent, 
sulphuricacid than 
above pure water, 
as shown in Fig. 
73 and for accu¬ 
rate work should 
be used in place of 



Tcmpciwhire - C»nf rigrad* 


the ordinary va- 


Fig. 73. 


por tension tables. .. i, .t 

The result obtained should be corrected for any metallic impurities, as Fe, AI, 
etc., which evolve hydrogen when dissolved in sulphuric acid. 


48 
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DETERMINATION OF IMPURITIES IN SPELTER 

LEAD 

Electrolytic Method 

The sample is thoroughly mixed on a sheet of paper and a magnet passed over 
to remove iron particles. Any pieces showing discolorations are discarded. The 
pieces of spelter for the weighed sample a,re removed from the paper by lifting and 
not pouring. The amount of sample taken is determined by the amount of lead 
in the spelter. 

For No. 1 or High Grade Spelter a sample of 17.286 grams is weighed into a 
600 oc. beaker, 200 cc. of distilled water added, and 60 cc. of concenteated nitric 
acid added gradually until solution is complete. The solution is boiled down to 
200 oc., expelling all nitrous fumes, and then transferred to a 250 cc. beaker, washing 
out originul beaker without unnecessarily increasing volume. Four or five drops 
of 5% silver nitrate solution are added, to preciintate any truces of chlorine present, 
and the solution electrolyzed for one and one-half to two hours, with initial tempera¬ 
ture of 60-70*’ C. and current of 1.8 ainireres. 

For No. 2 or Intermediate grade, a sample of 8.64.3 grams is weighed into a 250 
cc. beaker, 100 cc. of distilled water added, and 40 cc. of concentrated nitric acid 
added. The solution is l>oile<l until all nitrous fumes liave been expelled and 
diluted to 200 cc. with distilled water, 4 or 5 drops of 5% silver nitrate added and 
the solution electrolyzed as given under High Grade Spelter. 

For the three lower grades of spelter. Brass Si>ecial, Selected and Prime western, 
a sample of 17.286 grams is weighed into a 600 cc. beaker, covered with 200 cc. 
of water and 60 cc. of concentrated nitric acid added. This solution is boiled down 
to 200 cc. transfcrreil to a .500 cc. graduated flask and the flask filled to the gradu¬ 
ation. After thorough mixing, an aliquot portion of 125 cc. (equivalent to 4.3215 
grams) is poured into a 2.50 cc. beaker, 10 cc. of concentrated nitric acid added, 
boiled for ten minutes, diluted to 200 cc., with distilled water, silver nitrate added 
and electrolyzed as given for high grade spelter. 

The anode is made of sheet platinum with wire stem and is sand blasted. No 
gold solder should be used on these cylinders. The surface area is 135 sq. cm. 
A spiral of platinum wire is used as a cathode. A spiral of aluminum wire may also 
be used, although its life is much shorter. 

When electrolysis is complete, the anode is removed from the solution as rapidly 
as possible, washed three times with distilled water, once with alcohol, dried in an 
air bath at 210® C. for thirty minutes, cooled and weighed. 

The weight of PbOj can be calculated directly to percentage of lead as factor 
weightt'of sample were taken. 

Lead Acid Method 

Wagh 10 grams of the sample into a 400 cc. beaker and odd 120 co. of “lead 
acid.” When all but about 10% of the zinc is dissolved, filter and wash with lead 
add. Retain the filtrate. Wash the metallics back into the beaker and dissolve 
in nitric acid. Add 40 cc. of “lead acid’’ and evaporate to strong fumes. Cool and 
add 35 co. of water, which is the amount evaporated from the “lead acid,” and heat 
>, to boiling. Add the filtrate containing most of the zinc and a little lead sulphate, 
stir and e^ow to settle over night. Filter on a Gooch crucible, wash with lead add, 
a mixture of alcohol and water (1:1), finally with alcohol and ignite inside a porce¬ 
lain crudble and wdgh as lead sulphate. 
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^ Lead Add. Add 1 gram of lead acetate in 300 co. of water to dilute sulphuric 
acid (300 co. add to 1800 cc. of water). Sliake well, allow to cool and settle. 
Filter off the precipitated lead sulphate. By the use of tliis sulphuric acid saturated 
with lead, the solubility of lead sulphate need not Ixs considered, the solution bdng 
brought back to the same concentration each time. 

Note. The rejection limits for spelter of the American Society for Testing Materials 
consider five grades as follows; 


Grade 

M) 1 Fo j CM 

Not Over j Not Over j Not Over 

Hum 

PbfKeM'd 
Not Over 

Al 

No. 1. High Grade. 

.07% 1 0.:{% I .07% 

.20 ' .03 i ..50 

.60 .03 1 ..50 

.80 1 .04 1 .75 

1.60 .03 _ 

.10% 

..50 

1.0 

1.25 

I None 

1 « 
u 

u 

No. 2. Iniermcdiaic. 

No. 3. Brass Special. 

No. 4. Selected. 

No. 5. Prime Western. 





IRON 

Hydrogen Sulphide Method 

Ten grams or more of the sample of sitelter, which has been passed under a 
magnet to remove any metallic iron particles, is weighed out into a 250 cc. beaker 
and dissolved with .50 cc. of concentrated hydrocldoric acid. After standing several 
minutes until violent action has ceased, alxiut 1 cc. of (lotaasium chlorate solution 
(50 grams per liter) is added and Iwiled until all chlorine fumes have been driven 
off. It is then cooled, 50 cc. of water addwl, neutralized with ammonia, adding a 
large excess of the latter, boiled for two or three minutes and then allowed to settle. 
The solution is filtered, the precipitate on the filter washed with dilute ammonia 
water and finally with hot water. The i)rcci|)itate is dissolved into a 500 co. 
Erlenmeycr flask, using 10 co. 1 : 4 sulphuric acid. The paper is washed thoroughly 
with hot water. After diluting to a volume of about 300 cc. hydrogen sulphide 
is passed through for 5 minutes to reduce the iron. The excess of hydrogen sulphide 
is boiled off, being careful to exclude the entrance of any air. When no trace of 
hydrogen sulphide is present, as indicated by no test with lead acetate paper, the 
solution is cooled rapidly, and titrated with a standard solution of potassium 
permanganate, 1 cc. of which is equivalent to alxmt 0.00034 grams of iron. A blank 
determination is also run in order to determine the amount of potassium perman¬ 
ganate required to show the pink color on titration. The perman^natf solution 
is standardized against Bureau of Standards Sodium Oxalate. 

Colorimetric Method 

Solutions. Ammonium Sulphocyanate, One part salt to 2 parts of water. 

Potassium Chlorate. One part salt to 20 parts of water. 

Standard Iron Solution 1. 500 grams of low iron granulated zinc is dissolved 
in 800 to 1000 cc. of concentrated hydrochloric acid, sufficient amount of potassium 
chlorate solution added to oxidize the iron present, boiled several minutes to expel 
chlorine, cooled and made up to 2500 cc. This solution is standardized by measur¬ 
ing off SO cc. portions, corresponding to 10 grams of zinc, and determining the iron 
content by the Hydrogen Sulphide Method. 
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Standard Iron Solution II. 0.7 grama of ferrous ammonium sulphate b dis¬ 
solved in water, 10 cc. dilute Mulphuric acid added, and the iron oxidized with per¬ 
manganate. The solution is diluted to 1000 cc. each cc. being equivalent to .0001 
gram iron. 

Procedure. Ten grams of sample are dksolved and oxidized as given under 
the Hydrogen Sulphide Method. The solution is cooled and diluted to about 25 cc. 
and transferred to a comparison tube,* 2 cc. of the sulphocyanate solution are added, 
and the volume brought up to 100 cc. and mixed by pouring into the beaker and 
back into the tube. The red color is compared with the color produced on adding 
2 cc. of sulphocyanate to iiO cc. of standard in>n solution I,‘ and diluting to 100 cc. 
Standard Iron Solution II is added until the colors are the same, and the iron 
present in the unknown calculated. In Ciise the iron is over 0.030, it should be 
determined by the Hydrogen Sulphide Method. 

CADMIUM 
Sulphide Method 

The determination of cadmium in spelter is best carried out by either of the two 
following methods, according as the amount to be determined is low or high. 

Cadmium in Spelter (Cd —.001% to .02%) 

A sample of .500 grams is taketi and placed in a 2000 cc. flask with 500 cc. of 
water and 100 cc. of 1 ; 1 sulphuric acid. Sulphuric acid (1 :1) is added in small 
quantities from time to time, to maintain solution of the zinc (but never any violent 
action), until about 90% of the sample has Ijeen dissolved. This requires about 
750 cc. of 1 : 1 sulphuric acid. When the evolution of hydrogen has become slow, 
after the la.st addition of acid, the .solution is filtered off, retaining as much of the 
undissolved metallics as possible in the flask. The mctullics arc wa.shcd twice with 
water, decivnting and pouring the small amount of metallics on the filter. The 
metallics on the filter arc then washed from the paper into the original flask and 
all dissolved in nitric acid. The solution is washed into a 600 cc. beaker and 
sufliciont sulphuric acid (1 :1) oilded to convert all the metals present to sulphates, 
leaving an excess of free aci<l of 10-15 cc. This requires about 95 to 100 cc. of 
acid. The solution is evaporated until all nitric acid has been expelled. 

After cooling, water is carefully ad<led and the beaker heated until all the 
soluble salts have been dissolved. The load sulphate is allowed to settle, filtered 
off and washed. Enough water must be added to keep all zinc sulphate in solution 
after cocking. Hydrogen sulphide is passed through the filtrate for 15-20 minutes. 
No precipitate will appear at first, so that a drop or two of ammonia is added and 
repeated at intervals until a considerable amount of zinc sulphide has been pre¬ 
cipitated. The sulphides are then filtered off and washed with cold water. The 
film of sulphides on the side of the original beaker and the sulphides on the paper 
are dissolved in 1 :2 hydrochloric acid, washing with water, and catching the 
solution in a tall 400 cc. beaker. 15 cc. of 1 :1 sulphuric acid are added and 
evaporation carried down to fumes. After cooling, 200 cc. of water is added, 
hydrogen sulphide passed through and ammonia added as above to produce a pre- 

1 Clear glass test-tubes } in. in diameter, and holding 110 cc. make good comparison 
tubes. 

* The line content of the standard and unknown must be approximately the same. 
(See referenres, Bureau of Standards Bulletin, No. 1, Vol. 3.) 
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cipitato of cadmium sulphide. The precipitate is treated as before and a third 
predpitation made. In the ca.se^ of very low cadmium, a fourth precipitation is 
advisable.^ The last precipitate is filtered at once on a weighed (iooch crucible, 
wash^ with cold water, dried at 110° C. and weighed as CdS or the cadmium may 
be weighed as metallic cadmium, by dissolving the last precipitate and electrolyzing 
as given by the following method: 

The last precipitation of cadmium as CdS is filtered off, washed with cold water, 
and dissolved in dilute hydrochloric acid as in previous precipitations, catching 
solution and washings in original beaker. Twenty-five cc. of 1 ; 1 sulphuric acid 
are added and evaporation carried to dense fume.s. After cooling, a snuUI amount 
of water is added, the solution neutralized with ammonia (using mctiiyl orange as 
indicator), then m^e just acid with .sulpliuric acid (sp.gr. 1.09) and 3 cc. addoil in 
excess. The solution is then transfer!^ to a 250 cc. beaker, (washing out the 
original beaker), diluted to cover the cylinder (beaker J full), and electrolyzed over 
night using a current of one ampere. The cylinder with cadmium dc)x>sit is re¬ 
moved, washed with water and alcohol, dried at 110° C., removed from oven as 
soon as dry, cooled and weighed. 

Cadmium in Spelter (Cd -0.2% to 1.0%) 

A sample of 10 (or 2.5) grams is taken and entirely dissolved in a tall 400 cc. 
beaker with nitric acid, the solution then treated with 25 (or 50) cc. of 1 ; 1 sul¬ 
phuric acid and evaporated to exi)el all nitric acid. After cooling, water is carefully 
added and the beaker hesited until all the soluble salts have been dissolved. The 
lead .sulphate is allowed to settle, filtered off and washed. The filtrate is diluted 
to 200 cc. and hydrogen sulphide gas pas.sed through for 1.5-20 minutes. No pre¬ 
cipitate will appear at first, so that a drop or two of .ammonia is added and repeated 
at intervals until a considerable amount of zinc sulidiidc has been prccipitiited. 
The sulphides are filtered off and washed with cold water. They are then diasolved 
with 1 : 2 hydrochloric acid, catching in the original Ixxiker, 15 cc. of 1 : 1 sulphuric 
acid added and taken to fumes. Tliis is again diluted to 200 cc. hydrogen sulphide 
gas parsed through, and ammonia added as before to priKlncc a precipitate of 
cadmium sulphide. This is treated as above ami a third i)recipitation made. The 
cadmium sulphide from this is filtered at once on a weighed go<xih, washed with 
cold water, dried at 110° C., and weighe<l as (dS, or the cadmium may be weighed 
as metallic cadmium, by dissolving the last i)recipitatc and electrolyzing as given 
under Method for Low Cadmium. 

General Remarks 

A very retentive filter paper must be used for the cadmium sulphide precipitates. 

In dissolving the cadmium sulplude precipitates from the filter paper, the funnel 
should be covered to guard against loss by spraying. The number of treatments 
with hydrochloric acid depends upon the amount of sulphides on the paper. The 
paper may be finally washed with water after all sulphides have dissolved, if desired. 

It is not absolutely necessary to wash the final precipitate of cadmium sulphide 
on the gooch, as this has been accomplished in the transfer of the precipitate 
from the beaker. This has been included in the methods to safeguard against free 
acid remaining on the Gooch. 
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ANALYSIS OF ZINC CHLORIDE SOLUTION 

The methods to bo used for the analysis of zinc chloride solution or fused zinc 
chloride ore essentially those given under the various chaptera for the various 
elements. It seems advisable, however, to include a set of methods of analysis 
suitable for the commercial evaluation of zinc chloride. 

I. Specific Gravity at 15“ C. 

The specific gravity is determined by means of a picnometer. The volume is 
brought to the graduation after the solution in the picnometer has been brought 
to 16° C., using a water bath. The weight of this volume of boiled distilled water 
is determined at 15° C., and the specific gravity of the zinc chloride solution cal¬ 
culated, compared to water at 15° C. 

II. Zinc (Manganese and Copper Absent) 

About 25 grams of the well shaken solution is weighed out in a weighing bottle 
and transferred to a 500 cc. graduated flask. Sufficient nitric acid is added to 
clarify the solution upon dilution. The flask is filled to the mark with distilled 
water and thoroughly mixed. 

A portion, approximately equivalent to one gram of ZnClj is accurately mea¬ 
sured from a pipette or a burette and the zinc determined by titration with a 
standard potassium ferrocyanide solution as given under procedure for zinc in ores. 

Zinc (Manganese or Copper Present) 

If manganese or copper is present an aliquot portion is measured out and the 
manganese or copper separated according to the methods given under procedures 
for ores, before titration with potassium ferrocyanide. 

III. Chlorine 

Another portion of tins solution, appreximately equivalent to .5 grams ZnCh 
is measured off into a 500 co. Erlcnmeyer flask, 15 cc. of distilled water, 100 cc. of 
standard N/10 silver nitrate solution and 40 cc. of nitric acid are added to the 
flask and boiled until all nitrous fumes are driven off. After cooling, the excess 
silver nitrate is titrated with standard N/lO ammonium thiocyanate solution using 
5 co. (1-6) ferric nitrate solution os an indicator. A blank is run at the same time 
and the amount of chlorine determined from the difference in volumes of ammonium 
thiocyanate required. The factor for the standard ammonium thiocyanate solu¬ 
tion is best determined with C.P. sodium chloride. 

IV. Sulphuric Anhydride (SOj) 

Twenty-five co. of the original well shaken solution of zinc chloride are measured 
off with a pipette into a 400 cc. beaker, diluted to 300 cc. with hot water and a 
few drops of hydrochloric acid added. Any insoluble matter is filtered off, five cc. 
of bromine water are added to the filtrate and the solution boiled until excess bromine 
" is all driven off. The SOs in the filtrate is precipitated with 25 co. hot 10% barium 
chloride solution. After standing on the steam plate for 3 hours, the barium 
sulphate is filtered off, ignited and weighed. The weight of the sample is deter¬ 
mined from the specific gravity. 



V. Iron (Fe) 

A portion of the well shaken solution, equivalent to 10 grams of sine is evapor¬ 
ated to a syrupy consistency and the iron determined by the colorimetric method 
as under spelter. 

In the iron is too high to estimate colorimetrically, it is separated with 
anmonia, filtered off, washed with hot water and dissolved in hot dilute sulphuric 
acid. This solution is cooled, run through a Jones rcductor and titrated with 
standard potassium permanganate solution, or the iron nmy be determined by the 
hydrogen sulphide method as given under analysis of spelter. 

VI. Iron and Aluminum (FcjOs-l-AIsO}) 

Either 10 or 20 cc. of the original well shaken solution are transferred to a 400 
CO. beaker, diluted with 150 cc. of water and hydrochloric acid added to a very 
faint excess. (2 drops concentrated acid.) A rapid stream of hydrogen sulphide 
is passsed through the solution for 30 to 40 minutes. The precipitivte of zinc sul¬ 
phide is filtered off and washed thoroughly. The filtrate is boiled for about 15 
minutes to remove hydrogen sulphide, cooled, sufficient bromine water added to 
more than oxidize all the iron, and then boiled to remove the excess bromine. 
Ammonium hydrcjxide is now added in slight excess, the precipitate of iron and 
alumina filtered off and washed with hot water. The precipitixte is dissolved from 
the paper with hot hydrochloric acitl (1:4) re-precipitated, filtered off, washed free 
from chlorides, ignited and weiglied. 

VII. Manganese (Mn) 

Either 10 or 20 cc. of the original well shaken solution are transferred to a 400 
cc. beaker, 25 cc. of sulphuric acid (1:1) added and evaporated to practically 
complete expulsion of all excess sulphuric acid. Nitric acid (1 : 3) is now added 
and the manganese determined according to the bismuthate method. 

VIII. Lime (CaO) 

Twenty-five cc. of the well shaken solution are measured off with a pipette, a 
few drops of hydrochloric acid added, and the solution diluted to 150 cc. Twenty 
grams of ammonium chloride and a few drops of bromine water are added. The 
iron and manganese are precipitated by ammonia and filtered off after bringing to 
boiling. The filtrate is evaporated to 1.50 cc., the lime precipitated with 25 cc. 
ammonium oxalate solution (saturated solution) and allowed to stand for,3 hours. 
The calcium oxalate is filtered off and washed four times with hot water. A hole 
is then punched in the filter paper, the precipitate washed into a 400 cc. beaker, 
with boiling water, 10 cc. of sulphuric acid (1:1) poured over the paper and the 
paper wash^ with boiling water. The solution is diluted to 150 cc. with hot water 
and titrated with standard potassium permanganate solution. 

IX. Magnesia (MgO) 

The filtrate and washings from the lime determination is made slightly acid 
with hydrochloric acid and 15 cc. of a saturated solution of microcusmic salts added. 
The solution Ls cooled and the magnesia precipitated by the slow addition of 
ammonia. Sufficient ammonia must be add^ to bold all zinc in solution, an excess 
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of about 50 cc. being required. The precipitate after standing 12 hours is filtered 
off, and redissolved in hot 1-4 hydrochloric acid. Twenty grams of ammonium 
chloride are added to this solution, then a few drops of microcosmic solution, and 
precipitation affected with ammonia os before, the excess of ammonia being only 
10 cc. in this case. After standing 12 hours, the precipitate is filtered off, washed 
six times with 1 :10 ammonia water, or until free from chlorides, ignited and 
weighed os MgsPiOi. 


X. Alkalies (NaCl+KCI) 

A sample of about 10 grams is taken and made up to a volume of 500 cc. From 
this a portion equivalent to approximately 2 grams is measured off, slightly acidi¬ 
fied with hydrochloric acid and the zinc precipitated with hydrogen sulphide. 
After filtering, the filtrate is tested with ammonium sulphide, and any zinc, iron 
and manganese precipitated is filtered off. The filtrate is boiled for about thirty 
minutes to drive off the hydrogen sulphide, and cooled. After cooling, the solution 
is made slightly acid with hydrochloric acid, a few drops of bromine water added 
and the excess of bromine boiled off. The solution is diluted to about 200 cc. with 
hot water, and 10 cc. of hot 10% BaCl j solution added, to precipitate SOa. Without 
filtering off the barium sulphate, the solution is made ammoniacal, one gram of 
ammonium carbonate and 5 cc. of ammonium oxalate solution added and the 
precipitates allowed to settle in a warm place. The precipitate is filtered off, 
washed with hot water, and the combined filtrate and washings evaporated to dry¬ 
ness in a poKelain dish. The ammonium sidts are completely driven off by ignition 
over a low flame. The residue remaining is dissolved in a small amount of water 
with two drojrs of hydrochloric acid, transferred to a weighed platinum dish, the 
porcelain dish being washed with a minimum amount (i water, evaporated to 
dryness on a hot plate, and after cooling weighed. 

Any magnesia which may Ix) present witli the alkali chlorides is determined, 
calculated to MgCh and deducted from the weight of salts in the dish. This 
difference is expressed as combined alkali chlorides KCl-t-NaCl. 

XI. Copper 

Twenty cc. of solution arc taken, 5 grams of ammonium chloride and 20 cc. of 
ammonium hydroxide added, diluted to 100 cc. in a color comparison tube and 
compared with a zinc chloride solution of equal strength, to which a measured 
amount of stivndard copper solution is added to give the same depth of color. If 
iron interferes with the color comparison, it should be filtered off before diluting 
to volumfc. When the amount of copixjr present is over 0.05%, the determination 
should be carried out by some other method. Sec chapter on copper. 

XII. Barium (Ba) 

If sulphuric anhydride (SO3) is found to be present, it is not worth while to make 
a determination for barium. If no sulphuric anhydride is present, barium should 
be looked for and determined by diluting 10-20 cc. to 300 cc. with water, adding 
slight excess of hydrochloric acid heating to boiling and precipitating the barium 
with ammonium sulphate solution (10 per cent.). 
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ANALYSIS OF FUSED ZINC CHLORIDE 

The analysis of fused zinc chloride for zinc, etc., is carried out by the same 
methods as given under Zinc Chloride Solution, working on a solution of the fused 
salt in water. TMs solution is made up by rapidly transfering approximately 20 
grams of fused salt to a weighing bottle, weighing, dissolving in water in a 2000 
cc. graduated flask to which a few drops of nitric acid has been added to prevent 
precipitation of basic zinc chloride, and filling to the mark. Aliquot portions are 
taken from this solution for the various determinations. 

Special determinations are sometimes called for with fused zinc chloride which 
is to be used for some special purpose. It is very essential that such analyses bo 
carried out carefully according to the metliod prescribed in order that the results, 
which are largely empirical, may be comparable. One analysis of this sort which 
is commonly called for is Basicity expre.ssed in some empirical way to give a measure 
of the relative quantities of the basic zinc chloride, which will settle out upon dis¬ 
solving fused zinc chloride in water. It may be expressed as the volume of standard 
hydrochloric acid (usually N 12) required to neutralize 10 cc. of a 40“ Baume solu¬ 
tion of the fu.sed zinc chloride, diluted with 300 cc. of water, when using Methyl 
orange as indicator, or the weight of basic chloride obtained by treating 10 grams of 
the sample, weighed in a weighing bottle, with 4(X) cc. of w.ater, agitating to com¬ 
plete all possible solution, filtering off insoluble on a g(X)ch crucible and waslting 
with water until combined filtrate and washings total just 1000 cc. 


Ammonia (NHj) 

It is often of value to know if ammonium chloride is present. A sample of 
5-10 grams is weighed and transferred to a .500 cc. distilling flask, 100 cc. of water, 
50 cc. of stxlium hydroxide (20 ])er cent.) and a small quantity of granulated zinc' 
added. The ammonia and water are distilled over into an absorption bottle con¬ 
taining a measured quantity of standard acid. The excess of acid is titrated with 
standard alkali solution, using methyl orange. 

See chapter on nitrogen, page 343, also analysis of paint pigments, volume 2. 

‘ The addition of granulated zinc aids in the expulsion of the ammonia by hydrogen 
formed with the sodium hydroxide. 
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Determination of Zinc in Pig Lead ‘ 

Solutions Required 

NUric Add (1: 4).—Mix 200 cc. of HNOj (sp. gr. 1.42) with 800 cc. of 
distilled water. 

Sulphuric Add (1:1). —Carefully pour, with stirring, 500 cc, of HjSOi 
(sp. gr. 1.84) into 500 cc. of distilled water. 

Acidulated Hydrogen Sulphide Water. —Add 20 cc. of HCl (sp. gr. 1.19) to 
1000 cc. of distilled water and saturate with hydrogen sulphide. 

Ammonium Thiocyanate Solution (S per cent). —Dissolve 20 g. of NH^CNS 
in 1000 cc. of distilled water. 

Hydrochloric Add (/ : 3). —Mix 100 cc. of HCl (sp. gr. 1.19) and 300 cc. 
of distilled water. 

Standard Zinc Solution (0.1 mg. of zinc per cc.). —Dissolve exactly 0.1 g. 
of U. 8. Bureau of Standards pure zinc in 5 cc. of HCl (sp. gr. 1.19) and dilute 
to exactly 1000 cc. with distilled water. 

Potassium Ferrocyanide Solution. —Dissolve 34.8 g. of K4Fe(Cn)«.3H20 in 
1000 cc. of distilled water. 


Method 

Dissolve 222.23 g. of the sample in 1100 cc. of HNOa (1 : 4), using a 1300- 
cc. beaker. When the lead is dissolved, transfer the solution to a 2000-cc. 
graduated flask and add slowly 150 cc. of H 2 S 04 (1 : 1). Cool, fill the flask 
to the mark and then pour the solution into a clean 3000-cc. flask provided 
with a rubber stopper. Rinse the measuring flask with exactly 50 cc. of 
water, which is equivalent to the volume of lend sulphate which is present. 
Mix the solution thoroughly by, shaking, allow the precipitate to settle and 
filter through a dry filter until 1800 cc. of filtrate has been obtained. 

Place exactly 1800 cc. of filtrate (equivalent to a 200-g. charge) in a No. 9 
porcelain evaporating dish and evaporate the solution to approximately 100 cc. 
Transfer the solution to a 600-cc. beaker, neutralize with ammonia, and then 
add 5 cc. of HCl (sp. gr. 1.19) for every lOO cc. of solution. Warm the solution 
and pass in a rapid current of hydrogen sulphide until it is saturated. Digest 
for 30 minutes on the steam bath, add an equal volume of water and again 
saturate with hydrogen sulphide. Filter and wash with acidulated HsS water. 

Discard the precipitate and evaporate the filtrate in glassware containing 
no zinc (such as Pyrex) until the volume of the solution is approximately 
100 cc. « 

Neutralize the solution with ammonium hydroxide, add 5 g. of citric acid, 
and warm until the acid is dissolved. Add small portions of calcium carbonate 
to the hot citric acid solution until about 1 g. of calcium citrate has separated 
and then pass in a rapid current of tIjS as the solution is allowed to cool. 
Allow the solution to stand for from 2 to 4 hours, part of the time on a water 
bath, until the supernatant liquid is clear. 

Collect the precipitate on a filter, wash with a 2 per cent solution of ammo- 
ilium thiocyanate and then dissolve the precipitate in hot dilute hydrochloric 
acid (1 : 3). If the solution has a reddish color (due to iron), the zinc must 

‘ Standard Method of the A. S. T. M. 
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bo reprecipitated as above. If the solution is clear, evaporate it to dryness 
on the steam bath, take up the residue in 3 cc. of HCl (sp. gr. 1.19), add 20 cc. 
of water and filter if not perfectly clear. 

Transfer the solution (Note 2) to a 50-cc. Nessler jar and dilute to 43 cc. 
Prepare other Nessler jars containing 3 cc. of HCl (sp. gr. 1.19), definite volumes 
of standard zinc solution, and diluted to 45 cc. Add 5 cc. of potassium ferro- 
cyanide solution to each jar, mix quickly, and compare the turbidities by 
viewing longitudinally as the jars are held over a sheet of fine print. Add 
more of the standard zinc solution from a burette to the jar which approximates 
the turbidity of the unknown most closely, until the turbidities match each 
other, and calculate the percentage of zinc on the basis of a 200-g. sample or 
the aliquot portion taken. 

Notes. 1. All glassware that contains zinc must bo avoided and in umpire work 
a blank test should be curried along with the test. 

2. The whole solution can be used if the lead contains no more than 0.002 per cent 
of zinc. If more zinc is present, it is best to take such an aliquot portion of the solution 
as will give approximately 4 mg. of zinc and then to add enough HCl to provide 3 cc. 

3. For further details concerning the turbidmetric test, consult the “ Determination 
of Small Quantities of Zinc" by Mr. Bodansky, in the Journal of Industrial ar\d Engi¬ 
neering Chemistry, Vol. 13, pp. 696-697 (1921). 

4. The addition of calcium carbonate with the formation of a precipitate of calcium 
citrate serves the purpose of giving a clear filtrate, and prevents the loss of colloidal 
sulphide. 



ZIRCONIUM ‘ 

Zr, aUwt 91.2; sp.gT. 4.1 (amorphous) to 6.2 (coherent); m.p. about 1700;* 
oxides, ZrOs (ZrjOt and ZrOs in hydrated form). 

DETECTION 

The material to be tested is brought into solution by one of the methods 
given in the section on the Preparation of the Sample. In the regular course 
of qualitative analysis the zirconium will be found in the main precipitate 
formed either by ammonium hydroxide alone or by the combined action of 
ammonium hydroxide and ammonium sulphide. This precipitate can be 
dissolved in sulphuric acid, the acidity then adjusted so that 10% of the 
solution, by volume, is cone, sulphuric acid, 10 cc. of 3% hydrogen peroxide 
and 1 cc. more of cone, sulphuric acid added, and then a large excess of NajHP 04 
or (NH^IjHPOi solution, to which has also been added 1/10 its volume of 
cone, sulphuric acid. A white precipitate proves the presence of zirconium, 
since no other elements (titanium having been peroxidized) have phosphates 
which arc insoluble in such an acid concentration.’ This is the simplest and 
surest method of detecting zirconium. In the regular course of analysis 
thorium and the rare earths would probably have been precipitated from the 
acid solution of the ammonium hydroxide precipitate by an cxce,ss of oxalic 
acid (see “ Detection ” in chapter on thorium). The fdtrate would contain 
almost all of the zirconium,’ along with titanium, beryllium and the more 
common elements of the group. The oxalic acid in this filtrate can be destroyed 
by evaporation with sulphuric acid, and then zirconium, titanium and alu¬ 
minum precipitated by boiling the weakly acid solution (containing 8 or 10 
drops more sulphuric acid than is needed to redissolve the first faint jirecipitate 
formed by gradually adding dilute ammonia) with sodium thiosulphate. 
This precipitate may be brought into solution by fusing with potassium 
pyrosulphate, and taking up wltli sulphuric acid. The phosphate test as just 
outlined may then be applied. 

Turmeric paper on drying after having been moistened with a slightly 
acid (HCl or H2SO4) solution containing zirconium shows a reddish-brown 
color, similar to that due to boric acid. Titanium gives a like reaction in 
the tetravalent condition, but if the acidified solution is reduced by adding a 
piece of zinc, and then promptly tested (before titanium is reoxidized), the 
test is sp6cific for zirconium. 

' Paul H. M.-P. Brinton, Professor of Analytical Chemistry, University of Min¬ 
nesota. . ... 

* Considerable doubt exists as to the reliability of the physical constants of zirconium. 
If the contentions of Coster and Hcvesy that practically all zirconium contains varying 
amounts of hafnium (more justly called wdtium) is true, it is not surprising that such 
discordant results have liecn recorded by different investigators. 

•Biltz and Mechlcnburg, Z. angew. Chem., 2S, 2110 (1912); Liindcll and Knowles, 

J. Am. Chem. Soc., 41 , 1801 (1919). . , .. 

■* ‘Oxalic acid produces a precipitation of zirconium oxalnto in dilute mineral acid 
solution, but the precipitate is soluble in excess of oxalic acid. (It is also soluble m 
ammonium oxalate; and is not reprccipitated by addition of hydrochloric acid, thus 
differing from thorium.) 
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From aluminum zirconium may he differentiated by the solubility of 
zirconium basic carbonate in excess of a strong, cold solution of ammonium 
carbonate (on boiling the hydroxide separates out again); and by the insolu¬ 
bility of zirconium oxyiodate, produced by an alkali iodate in a slightly acid 
solution. (Thorium and tetravalcnt cerium also give the iodate test.) 

ESTIMATION 

The main ores of zirconium arc baddelcyitc, essentially zirconium dioxide; 
and zircon, essentially zirconium orthosilicate. While zircon is the most 
widely distributed ore of zirconium, the most imiwrtnnt commercially is now 
the Brazilian baddeleyite, which, mixed with a little zircon, comes under the 
trade name of zircite, and contains around 75% of ZrOj. The determination 
of zirconium in furnace-lining material, high temperature laboratory ware, 
enamels, and steel is at times called for. 

Preparation and Solution of the Sample 

Acid treatment will not decompose ordinary zirconium ores. The following 
fluxes are most commonly used. 

Sodium peroxide is used in a nickel crucible which has been lined by fusing 
some sodium carbonate,’ and causing it to cool in an even layer on the sides 
and bottom. This prevents in large measure the attack of the crucible by 
the peroxide, and avoids the subsc(]ucnt introduction of large amounts of 
nickel into the solution. Several grams of sodium peroxide are melted in 
the crucible, after lining with sodium carbonate, and allowed to solidify on 
the bottom. This prevents particles of the ore from being caught in the 
carbonate lining and remaining unfused. The sample of finely ground ore 
(0.5 g.) is mixed with 8-10 g. of sodium peroxide in the crucible thus prepared, 
and fused at low red heat over a small flame, by gently swirling the crucible, 
held in tongs. 5-10 minutes should suffice. When cool the crucible is placed 
in a large platinum dish, or porcelain casserole, and covered with warm water, 
keeping the vessel covered with a watch glass until danger of loss from effer¬ 
vescence is over, the solution is boiled until the carbonate lining has dissolved, 
and the crucible is then removed. The solution is next made decidedly acid 
with hydrochloric acid, and boiled until carbon dioxide is cxixilled. This 
should give a clear solution containing the zirconium and all the other con¬ 
stituents of the ore. It a very small amount of undecomposed ore is found 
here, it should be filtered off, ignited, fused with a little imtassium pyrosulphate, 
dissolved in 5% sulphuric acid, filtered if necessary, and added to ’the main 
solution. 

Potassium hydrogen fluoride is applied by Smith and James * in the 
following manner: The finely ground ore is fused with 12 to 15 times its 
weight of potassium hydrogen fluoride. The latter may be prepared from 
potassium carbonate or fluoride by treating with a slight excess of hydrofluoric 
acid, and evaporating over a small flame until a clear fused mass is obtained. 
When cool the melt may be broken up and preserved for use. The mixture 

* Private communication from J. A. Holloday, Electro Metallurgical Co., Niagara 
Falls, N. Y. 

> Smith and James, J. Am. Cbem. Soc., 42 , 1764 (1920). 
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of ore and fluoride, in a platinum disn, is carefully heated over a small flame. 
When the mixture has softened it is stirred with a platinum rod, and the 
size of the flame is (gradually increased, finally heating over a Meeker burner 
until the mass just fuses to a clear liquid.‘ The cooled melt is treated with 
60 ec. of 1 : 1 sulphuric acid, gently heated until nearly all water is expelled, 
and then more strongly until abundant fumes are evolved. The cold residue 
is boiled with water. This solution contains all the zirconium. If it is to be 
used for the selenite method of Smith and James, the zirconium is precipitated 
(along with many other bases) by ammonium hydroxide, filtered, washed 
free from sulphates—since sulphates are undesirable for the selenious acid 
precipitation—and dissolved in hydrochloric acid. 

Borax is strongly recommended by Lundell and Knowles’ for the de¬ 
composition of all ores of zirconium. This flux is particularly suited to the 
decomposition of samples in which zirconium only is to be determined, and 
by precipitation with cupferron, since boric acid does not interfere vrith this 
reagent. If other elements of the sample are to be determined, the boric acid 
must be removed by volatilization as methyl borate, so in such cases it is 
better to employ the sodium peroxide fusion. In using the borax method 
Lundell and Knowles recommend the following procedure: 4 g; of the flux 
are melted in a platinum crucible and allowed to cool. About 0.3 g. of the 
finely ground ore is placed on top of the fused borax, the crucible is covered, 
and heated over a Meeker burner until thorough fusion has taken place, which 
does not ordinarily require more than half an hour. During the operation it 
is well to stir the melt occasionally with a short platinum rod or stiff wire, 
which is allowed to remain in the crucible, and which may be conveniently 
handled with the crucible tongs. When the decomposition of the ore is 
complete, the platinum rod is removed, and it is put into the beaker to be 
used for the solution of the melt. As the melt cools, the crucible is gently 
twirled in order to run the fusion up on the sides in a thin layer. The cooled 
melt is dissolved in 150 cc. of 1 : 5 hydrochlorie acid in a 250-cc. beaker, by 
filling the crucible with acid, inverting in such a manner that one edge of the 
crucible rests on the crucible cover, which has been placed on the bottom of 
the beaker—thus allowing free circulation of the solvent—and then gently 
warming on the steam bath. The solution is transferred to a platinum dish 
or porcelain casserole, 20 cc. of 1 : 1 sulphuric acid are added, and the mixture 
is evaporated until heavy fumes escape.’ The cooled solution is next diluted 
to about 100 cc., the impure silica is filtered off and washed with hot water. 
This solution is allowed to stand warm over night. If the ore contained 
interferip.g amounts of phosphorus, it will be thrown down as zirconium 
phosphate by this digestion. If a precipitate appears, it is filtered and washed 
with 6% ammonium nitrate solution. This precipitate will contain zirconium, 

• Experiments in the writer’s (Brinton’s) laboratory by Mr. Tohru Kameda indicate 
that ^ere is no loss of zirconium by volatUization if the process is carried out as here 
described. Continuing the heating for 5 minutes after clear fusion has been attained 
may cause a loss of as much as 2 mg. of ZrOt. 

' Lundell and Knowles, J. Am. Chem. Soc., 42, 1439 (1920). 

, • During the evaporation boric acid will separate and form a crystal skin over the 

''surface, thus retarding evaporation. Occasional stirring diming this period will hasten 
the evaporation. As the sulphuric acid becomes more concentrated by evaporation, 
the boric add eventually dissolves again. 
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and there is still apt to be a little zirconium in the impure silica first filtered off. 
Also there may be some phosphoric acid in the filtrate; so to this filtrate 
5 g. of ammonium chloride, and then ammonium hydroxide in slight excess 
are added, and after boiling for several minutes, the precipitated hydroxides 
are filtered and washed with 2% ammonium nitrate solution. This filtrate 
is discarded. The precipitate and paper are digested in 100 cc. of hot 5% 
sulphuric acid solution, and the filter shreds and any insoluble residue are 
filtered and well washed with hot water. This solution, containing most of 
the zirconium of the sample, is temporarily set aside. The last residue filtered, 
the impure silica, and any zirconium phosphate obtained by the over-night 
digestion are all ignited in the original platinum crucible. The ignition residue 
is moistened with water, 1 cc. of 1 ; 1 sulphuric acid, and 5 cc. of hydrofluoric 
acid are added, and the mixture is heated until all sulphuric acid has been 
expelled. The residue in the crucible is fused with a little sodium carbonate, 
digested in water, and filtered, washing with hot water. The filtrate is dis¬ 
carded. The insoluble residue is again ignited in the platinum crucible, 
fused with potassium pyrosulphatc; and, after cooling, the melt is dissolved 
in hot !)% sulphuric acid. This solution is added to the main solution, thus 
giving one solution in which is contained all the zirconium originally present 
in the sample. 


SEPARATIONS 

From Members of the Copper and Tin Groups. The members of these 
groups are precipitated free from zirconium by hydrogen sulphide in slightly 
acid solution. 

From Iron, Nickel, Cobalt, Manganese, and Zinc. The iron, in acid 
solution, is reduced by hydrogen sulphide gas, tartaric acid equal to 5 times 
the approximate weight of the oxides present is added, the solution is made 
ammoniacal, and then hydrogen sulphide is passed into the solution until 
the sulphide precipitate has coagulated. The precipitate is filtered on close- 
grained paper, care being taken to keep the funnel well filled, so that oxidation 
of the sulphides and consequent “ running through ” is avoided. The sulphides 
are promptly washed, using the same precaution, with water containing a 
little ammonium chloride and ammonium sulphide. If the oupferron pre¬ 
cipitation of zirconium is to be used, the tartrate need not be destroyed, 
and it is sufficient to acidify to a total acidity of 10% of cone, sulphuric acid 
(by volume), and to boil out the hydrogen sulphide. If for further work it 
should be necessary to remove the tartrate, the solution is acidified with 
10 cc. of cone, sulphuric acid, evaporated to a volume of about 50 cc., 10 cc. 
of cone, nitric acid added, and the solution evaporated to fumes of sulphur 
trioxide. After cooling, 10 cc. of cone, nitric acid are again added, and the 
mixture once more evaporated to fumes. At times a third addition of nitric 
acid and evaporation may be necessary to completely destroy the iartaric acid. 

From Titanium. Zirconium may be separated from titanium by precipi¬ 
tating the zirconium with NaiHPOi or (NH4)2HP04 in a 10% (by volume) 
sulphuric acid solution, in presence of hydrogen peroxide. ^ Gravimetric 
Determination as phosphate. 
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From Thorium and Rare Earth Elements. These elements may be pre¬ 
cipitated with an excess of oxalic acid, leaving the zirconium in the filtrate. 
(Sec " Detection ” in chapter on thorium.) For complete separation the 
rare earth oxalates should be boiled with cone, sulphuric acid until decomposed, 
diluted, nearly neutralized with ammonia, and again precipitated with %n 
excess of oxalic acid. The combined filtrates contain all the zirconium. 
(A method adapted to the determination of small amounts of rare earth oxides 
in the cupferron precipitate is given later.) 

From Aluminum, Chromium, and Uranium. Zirconium is quantitatively 
separated from those throe elements by precipitation with cupferron in 10% 
(by volume) sulphuric acid solution. The uranium must be in the hexavalcnt 
condition or it will contaminate the zirconium precipitate. (Nitric acid should 
not be used to oxidize uranium, as it decomposes cupferron. Uranium will 
practically always be in the hexavalcnt condition without special oxidation. 
If in doubt, the 10% sulphuric acid solution may be boiled with a little hydrogen 
peroxide.) 

From Molybdenum. By precipitation of molybdenum sulphide in acid 
solution. (See chapter on molybdenum.) 

From Tungsten. By precipitation of tungsten in acid solution by cin¬ 
chonine hydrochloride. (Sec chapter on tungsten.) 

From Vanadium. By fusion of the mixed oxides with sodium peroxide or 
sodium carbonate, and leaching out the soluble sodium vanadate with water. 

GRAVIMETRIC DETERMINATION OF ZIRCONIUM 

By Precipitation with Cupferron. The solution, which has a volume of 
300-400 cc., and contains 10% (by volume) of cone, sulphuric acid (any 
tartaric acid present docs not interfere), is cooled to about 10° C., and then 
an excess of cupferron solution (6 g. dissolved in 100 cc. of cold water and 
filtered) is added. The formation of a fine white precipitate (nitrosophenyl- 
hydroxylaminc) which rcdissolves shows that an excess of the reagent has 
been added. The zirconium precipitate is white and curdy, but any titanium 
present is also quantitatively precipitated, and it will impart a yellow color 
to the precipitate. A brownish color indicates that the previous separation 
from iron has been faulty. The precipitate is filtered and washed with cold 
1 : 10 hydrochloric acid solution. The precipitate and paper arc carefully 
ignited in a weighed platinum crucible, very slowly until the rush of gases 
from decomposition of the organic matter has ceased; and then to constant 
weight qyor a blast or over a large Meeker burner. The weight thus found 
represents all the zirconium and titanium dioxides, and some rare earth oxides, 
if these elements have not previously been completely removed. 

To correct for titanium and rare earths the ignited oxides are fused with 
potassium pyrosulphate, dissolved in 1 ; 10 sulphuric acid, and diluted to 
exactly 100 cc. in a graduated flask. By means of a dry 50-cc. pipette exactly 
one-half of the solution is taken for the determination of titanium, and the 
pipette and the 100-cc. flask are completely rinsed into another vessel, thus 
f, giving the other half for the determination of rare earths. 

Small amounts of titanium arc determined by the colorimetric method; 
while for larger amounts the zinc reductor—permanganate titration method 
—is used. For details of these see chapter on titanium. 
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Rare earths may be determined according to Hillcbrand’s method ‘ as 
follows: “ Precipitate the hydroxides with an excess of potassium hydroxide, 
decant the liquid, wash by decantation with water once or twice and then 
slightly on the filter. Wash the precipitate from the paper into a small 
platinum di.sh, treat with hydrofluoric acid, and evaporate nearly to dryness. 

* Take up in 5 cc. of 5% (by volume) hydrofluoric acid. If no precipitate is 
visible, rare earths are absent. If a precipitate is present, collect it on a 
small filter held by a perforated platinum or rubber cone and wash it with 
from 6 to 10 cc. of the same acid. Wash the crude rare earth fluorides into a 
small platinum dish, burn the paper in platinum, add the ash to the fluorides 
and evaporate to dryness with a little sulphuric acid. Dissolve the sulphates 
in dil. hydrochloric acid, precipitate the rare earths by ammonia, filter, re- 
dissolve in hydrochloric acid, evaporate the solution to dryness, and treat the 
residue with 5 cc. of boiling hot 5% oxalic acid. Filter after fifteen minutes, 
collect the oxalates on a small filter, wash with not more than 20 cc. of cold 
6% oxalic acid, ignite and weigh as rare earth oxides which are to 1)0 deducted 
from the weight of the cupferron precipitate.” 

While the recovery of the rare earths by this method is not absolutely 
complete, the error is negligible for the amounts ordinarily found. 

The sum of the weights of rare earth oxides and titanium dioxide found are 
subtracted from the weight of the ignited cupferron precipitate to obtain the 
true weight of ZrOj. 

By ^ecipitation with Selenious Acid.‘ The zirconium and other bases 
should be in about 5% (by volume) hydrochloric acid solution, free from 
sulphuric and nitric acids, and should be in a volume of about 750 cc. The 
solution is heated to boiling, and an excess of 12^% selenious acid solution 
(usually 20-40 cc.) is added. After the precipitate of zirconium selenite 
has settled it is filtered, washed with 3% hydrochloric acid solution (Smith 
and James directions; the writer prefers a wash liquid containing 40 cc. of 
12|% selenious acid reagent in 750 cc. of 3% hydrochloric acid), ignited to 
constant weight over a strong Meeker burner or blast, and weighed as ZrOj. 
For a discussion of the [wssible interference of largo amounts of iron, of 
titanium, and of phosphoric acid, the original paper of Smith and James 
should be consulted. 

By Precipitation with Ammonium Phosphate. This method is suitable 
for separations, and for the determination of small amounts of zirconium such 
as are encountered in rock analysis. In view of the probability that almost 
all minerals of zirconium contain appreciable amounts of celtium (“ hafnium "), 
which gives practically all the reactions of zirconium, but which has a very 
much higher atomic, weight, an uncertainty as to the factor ZrOj/ZrPiOi 
exists, so the pyrophosphate con hardly be recommended as a weighing form 
for large amounts of zirconium. The following details arc recommended 
for observance in using this method.’ 

A. Volume of Sofufion. From 25 cc. for small amounts (i.e., 0.(X)05 g. 
ZrOi) to 200 cc. for amounts ranging around O.I g. ZrO:. 

*W. F. Hill^rand, The Analysis of Silicate and Carixjnate Rocks, U. S. Geol. 
Survey Bulletin 700, p. 176; Lundell and Knowles, loc. cit., p. 1446. 

* Smith and James, loc. cit. 

'Lundell and Knowles, J. Am. Chem. Soc., 41 , 1806 (1910); Hillebrand, op. cit., 
p. 173; Nicolardot and R^;iade, Compt. rend., 108 , 340 (1910). 
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B. Acidity. Twenty per cent sulphuric acid by weight, 

C. Hydrogen Peroxide. Sufficient to keep titanium peroxidized; 10 cc. 
will do no harm. 

D. Precipitant. Secondary ammonium phosphate in excess. From 10 to 
100 times the theoretical requirement, as expressed by the ratio Zr : PtO(, 
should be used here. The large excess is desirable when small amounts of 
zirconium arc determined. 

E. Precipitation Conditions. (1) Temperature: Cold or tepid, preferably 
40-60® C. (2) Time: Two hours for amounts of Zr02 in excess of 0.005 g. 
Six hours, or longer, for smaller amounts. 

P. Filtration. Warm solution, decant as far as possible to avoid clogging 
the filter. 

G. Washing. This should be done with cold 5% ammonium nitrate, since 
the phosphate is appreciably soluble in pure water. 

H. Ignition. Ignite very carefully in a partially covered platinum crucible 
over a low flame until carbon is destroyed, then blast or heat over a Meeker 
burner for 15 minutes. 

RECOMMENDED METHOD FOR THE DETERMINATION OF 
ZIRCONIUM IN COMMERCIAL ZIRCONIUM ORES 

The following combination gives a method essentially as recommended by 
the U. S. Bureau of Standards. Details will be found in the respective sections 
of this chapter. 

Decomposition by fusion of 0.3 g. sample with borax, following the pro¬ 
cedure under “ Preparation and Solution of the Sample ” until the sulphuric 
acid solution containing all the zirconium originally present in the sample 
is obtained. 

Separation from members of the copper and tin groups by precipitation 
with hydrogen sulphide in an approximately 1% sulphuric acid solution; 
and then, without intervening filtration, separation from iron, manganese, 
etc., by treatment with tartaric acid, ammonia, and hydrogen sulphide, as 
detailed under " Separations,” finally obtaining the zirconium in 10% (by 
volume)^ sulphuric acid solution. (Removal of tartaric acid is not necessary.) 

Precipitation with cupferron, with subsequent corrections for any titanium 
and rare earths present, just as outlined in the " Gravimetric Determination.” 

Determination of Zirconium in Steel. See chapter on iron. 

j Determination as Zirconium Oxide 

With pure salts the zirconium may be precipitated completely as the hy¬ 
droxide by the addition of ammonia, settling and finally igniting and weighing 
as the oxide, ZrOt. 
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QUALWATI^ TESTS OF OTBSTANCES 

BLOWPIPE AND FLAkE TESTS OF SOUD8 
Blowpipe Tests ob Chiucosl 

Heat a small portion of the material on charcoal in the reducing flame, using a 
blowpiflh. Scoop out a round hole in the charcoal, place a little of the substance 
in the cavity, and direct the inner flame of the blowpipe against it at an angle of 
thirty degrees. 


Rksui.t of Tf.st. 

INFKRKNCF, 

Melts and runs into the charcoal 

Alkalies. K, Na, etc. 

An alkaline residue on charcoal 

Ca, Sr, U:i, Mg. 

A residue which, when moistened with a drop of 
Co(N 08)3 and heated in 0. F., produces a color 
which is blue 

Aluminum, silicon. 

Produces a color which is green 

Zinc, tin, antimony. 

Produces a color which is red 

Ikirium. 

Produces a color which is pink or rosc-red 

Manganese. 

Deflagrates 

Nitrates, chlorates. 

Leaves an incrustation which is white near flame 

Antimony, 

White, garlic odor 

Arsenic, 

Dark red 

Silver. 

Red to orange 

Cadmium. 

Lemon yellow (hot), light yellow (cold) 

Lead. 

Orange yellow (hot), light yellow (odd) 

Bismuth. 

Yellow (hot), white (cold) 

Zinc or tin, latter nonvola 

tile. 


Blowpipe Tests. — Substance fused with Na^COa on Charcoal. Place a small 
amount of the substance on charcoal with a little sodium carbonate, and fuse, using 
reducing flame. 


Rrsci.r of Tkst. 

INFFKF.NCK, 

Metallic globules, without incrustation 


Yellow flakes 

(lolcl. 

Red flakes 

Copper, 

White globule, moderately soft 

Silver, 

Metallic globules, with incru.station 


White, moderately soft beads 

Lead or tin (volatilized 
lead leaves yellow coat). 

White, brittle beads 

Bismuth or antimony (yel* 
lowish). 

Yellow in 0. F, 

Chromium. 

Green in 0. F. 

Manganese. 

A substance (in R. F.) which, when moistened and 
placed on a silver coin, leaves a brown or black 


stain 

Sulphur compounds. 
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Test. 

Infbrencb. 

Dark gray magnetic powder which, when moistened 


on a filter paper with a drop of dil. HCI and HNO,, 
and gently dried over a flame, l&sves a stain which 


is faint pink, turning blue 

Cobalt. 

Green stain, turning yellow 

Nickel. 

A stain turned blue by K^FeCCN), 

Iron. 


In place of using charcoal the above tests may be made with a splinter of 
wood covered with a coating of fused NajCOs. The test is made by dipping the 
heated splinter into a mixture of the powdered substance with fused sodium 
carbonate and plunging for a moment in the reducing flame. Examine the 
material on the splinter, scrape off on a piece of glazed paper and examine. 

Blowpipe Test Substance moistened with cobalt nitrate solution and ignited. 


Color of Residue or Incrustation. 

Inference. 

Brick red 

BaO 

Pink 

MgO 

Gray 

SrO, CaO. 

Yellowish green 

ZnO 

Dark muddy green 

SbjOs 

Bluish green 

SnO 

Blue 

AbO„ SiO, 


Flame Test 

Flame Test. Moisten a platinum wire in cone. HCI, dip into the powdered 
substance and insert into a Bunsen flame. If sodium is prominent, examine 
through a blue glass. (Test the cobalt glass to see if it is effective in cutting out 
the yellow sodium light by examining a sodium flame through it.) 


Flame Color. 

Color throuoh Blub Glass. 

Element. 

Carmine red 

Purple 

Lithium 

Dull red 

Olive green 

Calcium 

Crimson 

Purple 

Strontium 

Golden ydlow 

Absorbed 

Sodium 

Greenish yellow 

Bluish green 

Barium, molybdenum 

Green 


Cu, -PO,, -B,0., 

Blue 


Cu, Bi, Pb, Cd, Zn, Sb, As 

Violet 

Violet red 

Potassium 


The platinum wire should be cleaned before making the test. This can be ac¬ 
complished by dipping it into cone. HCI and holding it in the Bunsen, or, better, 
a flame of a blast lamp, until the flame is no longer colored. Repeatedly dipping 
into the HCI may be necessary. 

Examine the flame through a spectroscope, if available, and compare the 
spectra with a spectra chart. Mere traces of the alkali and alkaline earth metals 
can be detected in this way by their characteristic spectral lines. 








































QUALITATIVE TESTS 


)? TBB UXTA1& ANALTBS Or THE BOLOTION. 
<) +I^-PbCiO.]nllow. (4) -t-D-PHytOmr. 


•AfQ white. 


j A<H,tM Iftll B,AiO,)Rai»TeAfHO.wiUiC«Cln*i>d«ddK8{AteaiUa>oaydmr. 

'IS . Oatwit Test—A«Hi edon HlCh pwpa t daep BUHOoa. 

I SbBiiM+Sb J“SbE^ .... .See method on page 40. 

d I Dieeolve in hot HCl, dilute, filter nnd add BiS(8bA Oiufi. 


t| 8a SnCh Test with HgCI.. {HgCI, White; or Eg Gray. 

3 Eh fib SbCh {b^ Sb<% nject or test in Manh apparatus. 

^ An Ig Au III Aua sj| I Aul «fS 5 !SiiaWSSS*^ 

9 n. Ill WMU ■if I D. nmu REiCI .as SUM Ignite to Au* Ysllow. 

I Pt 0» Pt “I? PtCU I" I PI I .nsMMM (RBiiiPlCl) li^tetoPI'.Ony. 


S ' Blue to green-brawn \ hlvaporate to dryness with exeesn of HK0|. DissolTe res. in MHiOH and add toaa 
or black solution. InceasofHCl. Teat this sol. with HaiPBOi) Ammonium pbosphomolybdate, Yellow. 


id and test with (a) SaCli~White HgCI or Gray to Black Bg. (6) An wne~Bg on win. 

1 by formation of Pbl. or PbCrO.. See Pb above. 

-^BKOBh Add hot KtSnOi pouring over ppt. on filtet.) Bl Black. 

" Cu(OB)t.3BB(OBBNBiROi Deep blue solution evidence of copper. 

^ . For traces add BCiBiOi and test with K.Pa(CH)((Ca4laCCII)s Bed-brown. 

Cd(OBb81IB,OB.21(B.IfOi Add BCII till blue color disappeara, then B|8{ CdS Lemon-yeUow. 


th BCl and pncipitate with (HBihCOi {Al(OB)i White, gelatinous. 

ith I Sol ) Acidify with BCiBiOi and add Pb(CiBiOi)i{PbCtO. Lemon-yeUow. 

O .i Oimolve in BO and add KCBS j FefCBS). Blood red. Test origiaal sohitioa (acM) 
(Res. re(OH)i I wiH,i:cMSforFe"'aadwithfcfa(CM).forFe’'jFeflfe(CB)Ji Blue, 



0 . Test with borax bead. Bluebead. c. Or evaporate-f-lLSO. and add aitiooo-Fuia^thgt, 

6. Add BaBCOt and BiOi, Green solution. Co—Red precipitate. Teat with borax baagi 

0 . Test with borax bead. Brown bead. o. Or make sol. ammoniaeal and add 1% 

6. Heat with Br / m/nni. \ add EL aloohoUo sol. nitrasobetanaphthol • 

andIlaOB\"*'°®"/ Free I in CS,. [(CBi}iCiH>0>Bhin BedT^ 


( and IlaOBl Free I in CS,. [(CBi},Cdf,Od(hm BedT^ 

I lln(OB), j pi,0, and BROijBMaO,, Purple. 

I BstZaOi { Add BiS} ZnS White. Ppt. is insoluble in dilute aoetio acid. 


^BaCtO, } DiasolvsinBaandaddB,SO.{Ba80, White. 

.9^ Bjj l.AddCa8O,aMasidsl0minutes(8c8O.White. 

.. St(C.B,0,)t a«5 SrCO, 83 8t(C*0,)i |.|_ fi?9‘»'*fi®Q“Sai*lyfiameteat. 
g || 2. Add EiSOj boil, set aside ten nunutea. 

Ca(CA<W, It CaCO, CaffiBKh), I®- ™^'^^''{caC,0»White,aohibluiBHa 


Predpitete lIgIIHd>0. White. 


jE—A pply flame teat using cobalt glass. Vndet. 

I J RA—After removal of Hg apply flame teat, yaUow. 

I iHBi—Tb the otigiaal aolution add EOB in otrongexesm. warm (note odor) and test with meiat litaMg 
paparipawa gas into ireasler’anagentEil^aoL{llBBd, Brawn. 

(i)>Nd; (^wgNtB; (|flt)>piak. ^t-pradpitete. llas.->sddiie. SoLwaolutiot. 
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GENERAL SUMMARY OP TESTS FOR ACIDS 


AClDt. 

DsTICTING RSAGSKtS. 

RBACnONS BBtULTIMO FROM TmT. 

Acetates 

H 1 SO 4 (cone.) 

Odor of vinegar 

Arsenates 

(a) (NH 4 )jMo 04 +HN 03 

Yellow precipitate 


(i) Magnesia mixture 

White granular precipitate 


(c) Reduced on C+NajCOj 

Garlic odor, arsenic mirror 

Arsenites 

(a) Magnesia mixture 

No reaction 


(») HjSfHa 

Yellow precipitate 

Bromides 

(a) HjS 04 (cone.) 

Red Br vapor 


(i) Chlorine water+ CS. 

Reddish color, due to Br 

Borates 

HjS 04 (cone.) +alcohol 

Green flame 

Carbonates 

Dilute acids 

COj evolved. Limewater test 

Chlorates 

(a) HjS 04 (cone.) 

Explosive liberation of Cl+CIO 4 


(#) Heated alone 

0 given off 

Chlorides 

AgNOs+HNOj 

White precipitate, sol. inNH 40 H 

Chromates 

(a) H 3 SO 4 (cone.) 

0 liberated (sol. yellow to green) 


(») HCl 

Chlorine of HCl liberated 


(a) Alcohol+ NaOH 

Reduced and Cr(OH )3 precipi¬ 
tated 

Cyanides 

HjSOs (cone.) 

HCN (POISON). Odor, bitter 
almonds 

Ferricyanides 

FeS 04 + HCI 

Turnbull’s blue precipitate 

Ferrocyanides 

FeCU+HCl 

Prussian blue precipitate 

Fluorides 

H:S 04 (cone.) 

i 

UK gas liberates silicic acid front 
glass rod with drop of HjO 

Hypochlorites 

Dilute acids 

Cl liberated, yellow gas 

iodides 

(a) HjS 04 (cone.) 

\'iolet vapor of iodine 


(i) Chlorine wa(er+CSj 

Violet color to CSj 

Nitrates 

FCSO 4 +H 5 SO 4 (cone.) 

Drown ring 

Nitrites ‘ 

Dilute acids 

NjOs brown evolved 

Oxalates 

HjS 04 (cone.) 

CO + COi evolved 

Permanganates 

Reducing agents 

Decolorized 

Phosphates 

HNO»+ (NH 4 )iMo 04 at 40 " 

Yellow precipitate 

Silicates 

(a) Fused with NajCOs and 

Silicic acid precipitated 

f 

HCl added 



(i) HF 

SiF 4 gas liberated 

Sulphates 

HCl+BaCli 

White precipitate of BaS 04 

Sulphides 

Dil. acids 

HtS gas blackens Pb(CiH«0])s 

Sulphites 

Dilute acids 

SOi gas 

Sulphocyanides 

FeCU 

Deep red color 

Thiosulphates 

Dilute acids 

SOi gas+free S 

/Jartrates 

Ignited 

Char. Odor of burnt sugar 

Organic acids 

Heated 

Generally char. 


* NiUitet -f KI ^ CSa = violet color m CSa due to free L 



TABLES OF REACTIONS 
BASES AND ACIDS 
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Insol. in hot water and in acetic 



REACTIONS OF 



Sulphuric add. Lead sulphate, PbSO,, white ppt. | Mercurous sulphate, HgjSO,, white Silver sulphate, Ag,S04, white ppt. 

HtS04. Insol. in excess. Slightly sol. in i ppt. Slightly sol. in water, 200 mg. : Formed only in cone, solutions. 

HNOs. Sol. in NaOH, Sol. in HsSO,, HNOi. | Insol. in all^ies. Sol in HsSO( 

NH4QHSO,. 4.2 at 20°. I j and in HNO». 580 mg. in HjO. 













THE HYDROGEN SUI-PHIDE GRODR 



Cd(CN)i, white ppt. greenish yelloi 

Sol. in excess, = Sol. in excess 

Cd(CN)s(KCN),. From Cu(CN)s(HCI 
this HjS ppts. Cdo, yellow, pptn. by HjS. 




rotassium iismutli ferrocyanide, > Cadmium feirocyanlde. Copper ferrocyanide, 

lerrocyanide, i Bi4(Fe(CN)e)3» white ppt. Cd2Ke(CN)«, yellowish Cu2Ke(CN)B. reddish 

K4Fe(CN)s. I Insol. in HCl. white ppt. Sol. in HCl. brown pp. Slightly sol. in 

Insol. in HjO. NH4OH. Insol. in acids. 



* A precipitate forms on tong landing. 
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REACTIONS OF THE BASES 

fce Soluble QiS 



1 Arsenic* A».. 

Aniimonv* Sb‘**> Sb’**", 


fou») K^AiOs. 

(ic) KHjAsOg. 

(oui) SbCt^ 

(ic) KSbO^ 

Hydrogen 

sulphide, 

HaS. 

Arsenic trisul¬ 
phide, AsaS', 
yellow ppt. Sol. 
m alkalies, 
(NH.IaSx. 
(NHi)aS. Insol. 
in cone. HCl. 

Arsenic trisul¬ 
phide-fS. 
AsaSa-i-Sa, yel¬ 
low. The ppt. 
forms slowly by 
heat. 

Antimony trisul- 
pliide, SbaSa, 
orange ppt. Sol. 
in alkalies, 
(NHalaS,, 
(NHalaS, HCl 
(cone.). 0.17 mg. 

Antimony penta- 
sulphide, SbaSs, 
orange ppt. Sol. 
in allies, 
(NH,)aS„ 
(NH,)jS, HCi 
(cone.). 

Ammonium 

hydroxide, 

NH.OH. 



Antimonious 
hydroxide, 
Sb(OH)s, white 
ppt. Sol. in 
excess. 

Ammonium 

metantimonate, 

NHaSbO,. 

Very slightly 
sol. in excess. 

Copper sul¬ 
phate, 

CuSO,. 

Copper arsenite, 
CuHAsOj, yel¬ 
lowish green 
ppt. Sol. in 
NH,OH,NaOH, 
HNOa. 

Copper arsenate, 

Cua( AsOa )a, 

greenish blue 
ppt Soi. in 
NH.,OH and in 
llNOu. 

Antimony oxy¬ 
chloride, white, 
SbOCl. caused 
by dilution. 

Insol. alk. 

Sol. HCl, CSa. 

Copper antimo- 
nate, brown ppi. 

Mercuric 

chloride, 

HgCl,. 

Mercuric arse¬ 
nite,Hga(AsO.i):. 
white ppt. Sul. 
in acids. 


Antimony oxy¬ 
chloride, caused 
by dilution. 

Sol. in cone. 
HCl. 


Silver ni¬ 
trate, AgNOj. 

Silver arsenite, 
AgaAsOa, yel¬ 
low ppt. Sol. in 
HNOa, NH4OH, 
HCaHsOa. 

Silver arsenate, 
AgaAsOa, red¬ 
dish brown ppt. 
.Sol. in HNOa 
and NH4OH. 

Silver chloride 
and antimony 
trioxide, 

AgCl H- SbaOa, 
white ppts. 

Silver antimo- 
nate. AgaSbOa, 
white ppt. Sol. 
in NH4OH. 

Miscellany. 

t 

Magnesia mix¬ 
ture. No ppt. 
Arsenic sol. in 
HNOa, Cli, 

HiO, aq. reg., 
hot alkalies. 

Marsh test 
(Zn-l-HCl,etc.) 

Magnesia mix¬ 
ture ppts. 
MgNHaAsOa. 
white crys. ppt. 
Sol. in acetic 
acid. 

AsHs flame de¬ 
posits arsenic. 
Sol. in NaOCl. 
Sol.in(NH4),S. 
Residue insol. in 
HCl (cone.). 

KOH ppts. 
Sb(OH)a. 
NatCOs ppts. 
Sb(OH)s. 

Marsh teat 
(Zn-l-HCl). 

Sb. sol. *n hot 
cone. H.jS 04 
and in aq. reg. 

SbHa in flame 
deposits anti¬ 
mony. Instfl. in 
NaOCl. 


* See Van Noslrand'i Chemical Annual (or wlubility of salta. 













637 


REACTIONS OF THE BASES 

Subgroup. 


Tik, Sn 

\ Sn"", 

Platinum, Pr"*. 

Gold, Att***. 

(ous) SnClf. 

(ic) SoCI«. 

Ptcu. 

AuCU 

Stannous sulphide, 
SnS, dark brown. 

Sol. in alkalies. 
Difficultly sol. in 
(NH^lsSx. Sol. in 
HCl (cone.). loo c.c. 
HaO diss. 0.002 mg. 

Stannic sulphide, 
SnSj, yellow ppt. 

Sol. in alkalies, 
(NH4),S„(NH4)aS 
and alkali carbon¬ 
ates, HCl (cone.), 
H-0 =o.o2 mg. 

Platinic sulphide, 
I’tS;, dark brown 
ppt Difficultly 
sol. in alkali sul¬ 
phides. Sol. in 
acjua regia. Insol. 
in HCl (cone.). 

Gold sulphide, 

AusSi, black ppt. 

Sul. in alkali sul¬ 
phides, aqua regia. 
Insol. in HCl 
(cone.). 

Stannous hydroxide, 
SnO(OH), Insol. 

in excess. Darkens 
on cooling. Insol. in 
HjO. S(d. in dilute 
acids, alk. 

Stannic hydroxide, 
Sn(OH)4. Slightly 
sol. in excess. 

Ammonium chlo- 
roplatinate, 
(NH,).,l'tCI„ yel¬ 
low ppt. Sul. ill 
large excess. 

679"" ">g- 

Fulminating gold, 
AiijO,. 2 NHa, yel¬ 
low ppt., Insol. in 
excess. 

Cuprous chloride, 

2 CuCl, white ppt. 

Sol. in acids. 
Keductiun l)y SnCl;. 




Mercurous chloride, 
HgCI, white ppt. 
Insol. in cold 

HCl (cone.). 
Keduction by SnCIj. 




Silver chloride and 
silver, AgCl + Ag. 
Keduction by SnCl.. 

Silver chloride, 

AgCl. 

Silver chloride and 
platinum oxide, 
AgCl-l-PtO, 
brown ppt. 

Silver chloride and 
gold oxide. 

AgCI-t-AusOa, 
brown ppt. 

KOH ppts. Sn(OH)2, 
N.ijCO, ppts. 
Sn(Oli):. Insol. in 
excess. 

KOH ppts. 
.Sn(OH%. NaCOa 
ppts. Sn(OH).... 
Insol. in excess. 

KOH ppts. 

K.Ptcl,. NajCO, 
gives no ppt. 

Pt sol. in aq. r., 
fused alk. 

SnCl] solution 

TOts. “ Purple of 
efa-ssius.” setl ppt. 

Au sol. in KCN, 
aq. reg. 

Metallic Sn depos¬ 
ited by Zn in 

Marsh test 

Stannic salts 
reduced by H, gen¬ 
erated by Sn. 

Zn ppts. Pt, black, 
from its salts. 

Also see Electro¬ 
motive Series, p. to. 

Zn ppts. Au from 
its salts. 
















The Ammonium Sulphide Group. 

Nombm refer to mgs s<4ubtc ta too c c. cold irater. 























Potassium (AU Cr compounds Ferrous ferricyanide Reddish brown color 

ferricyanide, oxidized to compounds of (Turnbull's blue), produced. 

KsFefCNV chromic acid; Fej(FeC«N«)5. dark blue 








The Ammonitun Sulphide Group — Continued 










K>Fe(CN)(. Cobalt ferricyanide, Nickel ferricyanide Manganese ferricyanide, I Zinc ferricyanide, 

Coj(FeC«N«)2, dark Nii(FeC«N 8 )j, yellowish Mnj(FeC«Ne)j, brown Zni(FeC5N,)~. yellowish 

brown ppt. Insol. in HCl. green ppt. Insol. in HCl. ppt. Insol. in HCl. brown ppt. Sol. in HQ 
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The Soluble Metal Group. 



Sodium Ammonia gas evolved Lithium carbonate, 

carbonate, on boiling. LijCOa, white ppt. Slightly 

NasCO). sol. in water. Less sol. in 

hot than in cold, “c ” = 
>539 rag-; “h” 7*8 mg. 












orange line. 






REACTIONS OF THE ACIDS. 




H:S04, cone. Heated on charcoal deflafrates. 
warmed with salt H1SO4 evolves yellow gas, ClOj. 









Inorganic Acids. 
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Hydrofluo- White ppt.. Decomposed by HtS04 into HF 

silidc. BaSiF«. Insol. in and SiF^. Ppts. K in concen- 

HjSiFs, HCl. 26”° mg. tinted solution, as KjSiFt, white. 



: phates. 




Inorgaoic Adda. 



Pnt^hos- White ppt. White ppt. White ppt. Pb salt same as Does not coagulate albumen as 

phonCi Sol. in NH 4 OH, Sol. in HCl. Sol. in excess of Ca salt. does the metaphosphoric add. 

HiPjOt) pyro- HNOs- to mg. the pyrophos- Boiled with HNOj changes to 

phosphates. phate. HtP04. 
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SOLUBILITY TABLE 


Since no nH te nbiolutely insoluble, the term “ insoluble " is only relatlee. For solubility 
oi the sells formed, see Van Nostrand's Comical Ann»al, edited by Professor John C. Olsen. 
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TABLES AND USEFUL DATA 


I.—MELTING-POINTS OF THE CHEMICAL ELEMENTS* 


Reproduced from Circular No. 35 (2d edition) of U. S. Bureau of 
Standards. 


Element. 

C. 

F. 

Element. 

C. 

F. 

Helium 

<-271 

<-456 

Neodymium 

8407 

1544 

Hydrogen 

-259 

-434 

Arsenic 

860? 

1562 

Neon 

-2637 

-423 

Barium 

850 

1562 

Fluorine 

-223 

-369 

Praseodymium 

9407 

1724 

Oxygen 

-218 

-360 

Germanium 

958 

1756 

Nitrogen 

-210 

-346 

SiLVEB 

960.5 

1761 

Argon 

-188 

-306 

Gold 

1063.0 

1945.6 

Krypton 

-169 

-272 

COPPEK 

1083.0 

1981.5 

Xenon 

-140 

-220 

Manganese 

1260 

2300 

Chlorine 

Mercury 

-101.6 
- 38.9 

-150.7 

-38.0 

Samarium 

Beryllium 

1300-1400 

2370-2550 

Bromine 

- 7.3 

+18.9 

(glucinum) 

1350? 

2462 

Caenum 

-1- 26 

79 

Scandium 

7 


Gallium 

30 

86 

Silicon 

1420 

2588 

Rubidium 

38 

100 

Nickel 

1452 

2646 

Phosphorus 

44 

111.2 

Cobalt 

1480 

2696 

Potassium 

62.3 

144 

Yttrium 

1490 

2714 

Sodium 

97.5 

207.5 

Chromium 

1520 

2768 

Iodine 

113.6 

236.3 

Ibon 

1530 

2786 


fS, 112.8 

235.0 

Palladium 

1549 

2820 

Sulphur 

ISii 119.2 
ISio 106.8 

246.6 

224.2 

Zirconium 

Columbium 

17007 

3090 

Indium 

155 

311 

(Niobium) 

17007 

3090 

Lithium 

186 

367 

Thorium 

(>1700 

>3090 

Selenium 

217-220 

422-428 

\<Pt 

<Pt 

Tin 

231.9 

449.4 

Vanadium 

1720 

3128 

Bismuth 

271 

520 

• Platinum 

1755 

3191 

Thallium 

302 

576 

Ytterbium 

7 


CADinmi 

320.9 

609.6 

Titanium 

1800 

3272 

Lbad 

327.4 

621.3 

Uranium 

<1850 

<3362 

ZlNO 

419.4 

786.9 

Rhodium 

1950 

3542 

Tellurimn 

452 

846 

Boron 

2200-25007 4000-4500 

Antimont 

630.0 

1166 

Iridium 

23507 

4262 

Cerium 

640 

1184 

Ruthenium 

2450? 

4442 

Magnesium 

651 

1204 

Molybdenum 

25007 

4500 

Aluminum 

658.7 

1217.7 

Osmium 

27007 

4900 

Radium 

700 

1292 

Tantalum 

2850 

5160 

Calcium 

810 

1490 

Tungsten 

3000 

5430 

Lanthanum 

8107 

1490 

Carbon || 

>3600 / 

>6500 

Strontium 

>Ca<Ba7 


[orp.-l at. \ 

,forp.»l at. 


II. OTHER TEMPERATURE STANDARDS 


Temperatures pf Flames.* 

Cent, Dei. o< Aocurao;. 


Buiuicn, open. 

Mokcr. 

Petrol blow lamp. 

0 xyhydn>(scn with Ht-(-0 

Oxyacetyicne. 

Thcrmat. 

Electric arc. 

Sun. 


1100 Within lOO” C.« 
l.W 
1600> 

2420 Within 100° C. 
2400* 

2500 

3500 Within 160° C. 
6000 Within 500° C. 


' Metallurpcal and Chemical Enipnccring, Vol. XIII, No. 5, May, 1915. 

* Measurement of High Temperatures, G. K. Burgess and Jl. Le Chatelier. 

* Pyrometer tests of the open Bunsen flame gave temperatures ranging from 1000° 
to 1100° C. 











TABLES AND USEFUL DATA 659 


ra. OTHER TEMPERATURE STANDARDS 


ApproximaU Temperalwa bp Colon. 

Ceot. Fahr. 


First visible red 

Dull red. 

Cherry red.... 
Dull orange... 

White. 

Dazzling white. 


526 977 
700 1292 
900 1662 
1100 2012 
1300 2372 
1500 2732 


SubatAnoa. 

jPbcoomeoon. 

B 

F. 

Variation with preaiura 
(prenuro in mm. of Hf.) 

Oxygen. 

Boiling. 

-183.0 

-297.4 

C. '-183.0+0.01258 (p. 780) 
-0.0000079 (p. 760) 

Carbon dioxide.. 

Sodium sulphate 
Na,SO4+10H,( 

Sublimation in 
inert liquid.. 

Transforma¬ 
tion into an¬ 
hydrous salt. 

- 78.5 

32.384 

-109.3 

90.291 

C. '= -78.6+0.017 (p. 760) 

Water. 

Boiling. 

100 

212 

C. '-100+0.03670 (p. 760) 
-0.00002046 (p. 760) 

Naphthalene.. .. 

Boiling. 

217.96 

423.73 

C. '-217.96+0.058 (p. 760) 

Benzophenono .. 

Boiling. 

305.9 

582.6 

C. '-305.9 +0.063 (p. 760) 

Sulphur. 

AgjCui 

Sodium chloride. 

Boiling. 

Eutectic 

Freezing. 

Freezing. 

444.6 

779 

801 

832.3 

1434 

1472 

C. '-444.6 +0.0908 (p. 760) 
-0.000047 (p. 760) 


IV.- ELECTROMOTIVE ARRANGEMENT OF THE ELEMENTS 

Each clement is |X)sitive to the element placed after it and negative to the elei.-.ent 
placed above. 


1. 

Cs 

14. A1 

27. Gc 

40. Os 

53. Mo 

2. 

Kb 

15. Zr 

28. In 

41. Au 

64. V 

3. 

K 

16. Th 

29. Ga 

42. H 

65. Cr 

4. 

Na 

17. Ce 

30. Bi 

43. Sn 

56. As 

5. 

Li 

18. Di 

31. U 

44. Si 

57. P 

6. 

Ba 

19. La 

32. Cu 

45. Ti 

58. Se 

7. 

Sr 

20. Mn 

33. Ag 

46. Cb 

69. I 

8. 

Ca 

21. Zn 

34. Hg 

47. Ta 

60. Br 

9. 

Mg 

22. Fe 

35. Pd 

48. Te 

61. Cl 

10. 

Be 

23. Ni 

36. Ru 

49. Sb 

62. F 

11. 

Yt 

24. Co 

37. Rh 

60. C 

63. N 

12. 

£r 

25. Cd 

38. Pt 

61. Bo 

64. S 

13. 

So 

26. Pb 

39. Ir 

52. W 

66. 0 
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TABLES AND USEFUL DATA 


ACID AND ALKALI TABLES 

V.—HYDROCHLORIC ACID 


Bt W. C. Fshqcsoh 


Decrcn 

Sp, Gr, 

DlfttM 

twadaeil. 

PerCeat 

RCl. 

Dl(ree> 

Baumi. 

Sp. Or. 

Peireo 

TariddeU. 

PdrCnit 

HCl. 

1.00 

1.0069 

1.38 

1.40 

14.25 

1.1090 

21.80 

21.68 

2.00 

1.0140 

2.80 

2.82 

1 14.50 

1.1111 

22.22 

22.09 

3.00 

1.0211 

4.2? 

4.25 

14.75 

1.1132 

22.64 

22.50 

4.00 

1.0284 

5.88 

5.69 

15.00 

1.1154 

23.08 

22.92 

6.00 

1.0357 

7.14 

7.15 

15.25 

1.1176 

23.62 

23.33 

6.25 

1.0375 

7.50 

7.52 

16.50 

1.1197 

23.94 

23.75 

6.60 

1.0394 

7.88 

7.89 

15.75 

1.1219 

24.38 

24.16 

6.76 

1.0413 

8.26 

8.26 

16.0 

1.1240 

24.80 

24.57 

6.00 

1.0432 

8.64 

8.64 

10.1 

1.1248 

24.96 

24.73 

6.26 

1.0450 

9.00 

9.02 

10.2 

1.1256 

25.12 

24.90 

0.60 

1.0469 

9.38 

9.40 

16.3 

1.1265 

25.30 

25.06 

0,76 

1.0488 

9.76 

9.78 

16.4 

1.1274 

25.48 

25.23 

7.00 

1.0507 

10.14 

10.17 

16.5 

1.1283 

26.66 

25.39 

7.26 

1.0620 

10.62 

10.65 

16.6 

1.1292 

25.84 

25.56 

7.60 

1.0545 

10.90 

10.94 

16.7 

1.1301 

26.02 

25.72 

7.76 

1.0664 

11.i8 

11.32 

10.8 

1.1310 

26.20 

25.89 

8.00 

1.0584 

11.68 

11.71 

16.9 

1.1319 

26.38 

26.05 

8.23 

1.0603 

12.06 

12.09 

17.0 

1.1328 

26.56 

26.22 

8.60 

1.0623 

12.46 

12.48 

17.1 

1.1336 

26.72 

26.39 

8.76 

1.0642 

12.84 

12.87 

17.2 

1.1345 

26.90 

26.56 

9.00 

1.0662 

13.24 

13.26 

17.3 

1.1354 

27.08 

26.73 

9.25 

1.0081 

13.62 

13.65 

17.4 

1.1363 

27.26 

26.90 

9.60 

1.0701 

14.02 

14.04 

17.5 

1.1372 

27.44 

27.07 

9.75 

1.0721 

14.44 

14.43 

17.0 

1.1381 

27.02 

27.24 

10. CO 

1.0741 

14.82 

14.83 

17.7 

1.1390 

27.80 

27.41 

10.25 

1.0761 

15.2? 

15.22 

17.8 

1.1399 

27.98 

27.68 

10.60 

1.0781 

15.62 

15.62 

17.9 

1.1408 

28.16 

27.75 

10.75 

1.0801 

16.02 

10.01 

18.0 

1.1417 

28.34 

27.92 

11.00 

1.0821 

16.42 

16.41 

18.1 

1.1426 

28.62 

28.09 

11.26 

1.0841 

16.82 

16.81 

18.2 

1.1436 

28.70 

28.26 

11.60 

1.0801 

17.22 

17.21 

18.3 

1.1444 

28.88 

28.44 

11.78 

1.0881 

17.62 

17.61 

18.4 

1.1453 

29.06 

28.61 

12.00 

1.0902 

18.04 

18.01 

18.6 

1.1462 

29.24 

28.78 

12.25 

1.0922 

18.44 

18.41 

18.0 

1.1471 

29.42 

28.95 

12.50 

1.0943 

18.86 

18.82 

18.7 

1.1480 

29.60 

29.13 

12.75 

1.0904 

19.28 

19.22 

18.8 

1.1489 

29.78 

20.30 

13.00 

1.0985 

19.70 

19.63 

18.9 

1.1498 

29.96 

29.48 

13.25 

1.1006 

20.12 

20.04 

19.0 

1.1508 

30.16 

29.65 

13.50 

1.1027 

20.54 

20.45 

19.1 

1.1517 

30.34 

29.83 

13.75 

1.1048 

20.96 

20.86 

19.2 

1.1526 

30.52 

30.00 

14.00 

1.1069 

21.38 

21.27 

19.3 

1.1535 

30.70 

30.18 



TABLES AND USEFUL DATA 
V.— HYDROCHLORIC ACID (Continued) 


Degrees 

Beams. 

Sp. Or. 

D«ereM 

Twaddell. 

Percent 

HCl. 

Decrees 

Beumi. 

Bp. Or. 

Degrees 

Twtddell. 

Percent 

HCI. 

19.4 

1.1544 

30.88 

30.35 

•22.5 

1..'836 

36.72 

36.16 

19.5 

1.1554 

31.08 

30.63 

22.6 

1.1846 

36.92 

36.35 

19.0 

1.1563 

31.26 

30.71 

22.7 

1.1868 

37.12 

36.54 

19.7 

1.1572 

31.44 

30.90 

22.8 

1.1866 

37.32 

36.73 

19.8 

1.1581 

31.62 

31.08 

22.9 

1.1875 

37.50 

36.03 

19.9 

1.1590 

31.80 

31.27 

23.0 

1.1885 

37.70 

37.14 

20.0 

1.1600 

32.00 

31.45 

23.1 

1.1895 

37.90 

37.36 

20.1 

1.1609 

32.18 

31.64 

23.2 

1.1904 

38.08 

37.58 

20.2 

1.1619 

32.38 

31.82 

23.3 

1.1914 

38.28 

37.80 

20.3 

1.1628 

32.56 

32.01 

23.4 

1.1924 

38.48 

38.03 

20.4 

1.1637 

32.74 

32.19 

23.5 

1.1934 

38.68 

38.26 

20.5 

1.1647 

32.94 

32.38 

23.6 

1.1944 

.38.88 

38.40 

20.6 

1.1656 

33.12 

32.56 

23.7 

1.1953 

39.06 

38.72 

20.7 

1.1666 

33.32 

32.75 

23.8 

1.1963 

39.26 

38.95 

20.8 

1.1675 

33.50 

32.93 

23.9 

1.1973 

39.46 

39.18 

20.9 

1.1684 

33.68 

33.12 

24.0 

1.1983 

39.66 

39.41 

21.0 

1.1694 

33.88 

33.31 

24.1 

1.1993 

39.86 

39.64 

21.1 

1.1703 

34.06 

33.50 

24.2 

1.2003 

40.06 

30.80 

21.2 

1.1713 

34.26 

33.69 

24.3 

1.2013 

40.26 

40.00 

21.3 

1.1722 

34.44 

33.88 

24.4 

1.2023 

40.46 

40.32 

21.4 

1.1732 

34.64 

34.07 

24.5 

1.2033 

40.66 

40.55 

21 5 

1.1741 

34.82 

34.26 

24.6 

1.2043 

40.86 

40.78 

21.6 

1.1751 

35.02 

34.45 

24.7 

1.2053 

41.06 

41.01 

21.7 

1.1760 

35.20 

34.64 

24.8 

1.2063 

41.26 

41.24 

21.8 

1.1770 

35.40 

34.83 

24.9 

1.2073 

41.46 

41.48 

21.9 

1.1779 

35.58 

35.02 

25.0 

1.2083 

41.66 

41.72 

22.0 

1.1789 

35.78 

35.21 

25.1 

1.2093 

41.86 

41.99 

22.1 

1.1798 

35.96 

35.40 

25.2 

1.2103 

42.06 

42.30 

22.2 

1.1808 

36.16 

35.59 

25.3 

1.2114 

42.28 

42.64 

22.3 

1.1817 

.36.34 

35.78 

25.4 

1.2124 

42.48 

43.01 

22.4 

1.1827 

36.54 

35.97 

25.5 

1.2134 

42.68 

43.40 


Sp. Gr. detenninations were made at 60“ F., compared with water at 60“ F. 
l4om the SpeciHo Gravitiee, the corresponding degrees Baumd were calcu¬ 
lated by the following formula: Baumd = 145 — 145/8p. Gr. 

Atomic weights from F. W. Clarke’s table of 1901. O = 16. 

ALLOWANCE FOR TEMPERATURE; 

10-16“ B4. - 1/40“ B4. or .0002 Sp. Gr. for 1“ F. . 

16-22“ B6. - 1/30“ B4. or .0003 " " “ 1“ F. 

22- 25“ B5. - 1/28“ B4. or .00035 " “ " 1“ F. 

Acthobitt — W. C. Ferousok. 

This table has been approved and adopted as a Standard by the Manu> 
facturing Chemists' Association of tlie United States. 

W. H. Bower, Jas. L. Moroan, 

Henrt Howard, Arthur Wyman. 

A. G. Rosenoabten, 


New York, May 14, 1903. 


Executive Committee 
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TABLES AND USEFUL DATA 


VI.—HYDROCHLORIC ACID 
Lunqe and Marcrlewbki 


Spselflc 

OrsTltT. 

I»! 

4° 

In Vicno. 

Per Cent 
BCI 

by Weight. 

1 Liter 
con- 
tsine 
Orsms 

act. 

toeciftc 

Gravity 

IS® 

4® 

in Vacuo. 

Per Cent 
nr*! 

by Weight. 

1 Liter 
con¬ 
tain* 
Oram* 
HCI. 

&eciflc 

GraWty 

J5! 

4® 

in Vacuo. 

Per Cent 
HCt 

by Wmght. 

I Liter 
con- 
tsine 
Onme 
BCI. 

1.000 

0.16 

1.6 

1.075 

15.16 

163 

1.145 

28.61 

328 

1.005 

1.15 

12 

1.080 

16.15 

174 

1.150 

29.57 

340 

1.010 

2.14 

22 

1.085 

17.13 

186 

1.152 

29.96 

345 

1.015 

3.12 

32 

1.090 

18.11 

197 

1.155 

30..55 

353 

1.020 

4.13 

42 

1.095 

19.06 

209 

1.160 

31.52 

366 

1.025 

5.15 

53 

1.100 

20.01 

220 

1.163 

32.10 

373 

1.030 

6.15 

64 

1.105 

20.97 

232 

1.165 

32.49 

379 

1.035 

7.15 

74 

1.110 

21.92 

243 

1.170 

.33.46 

392 

1.040 

8.16 

85 

1.115 

22.86 

2.55 

1.171 

33.65 

394 

1.045 

9.16 

96 

1.120 

23.82 

267 

1.175 

34.42 

404 

1.050 

10.17 

107 

1.125 

24.78 

278 

1.180 

35.39 

418 

1.056 

11.18 

118 

1.130 

25.75 

291 

1.185 

.36.31 

430 

1.060 

12.19 

129 

1.1.35 

26.70 

303 

1.190 

37.2.3 

443 

1.065 

13.19 

141 

1.140 

27.66 

31.5 

1.195 

38.16 

456 

1.070 

14.17 

1.52 

1.1425 

28.14 

322 

1.200 

.39.11 

469 


COMKXSITION OK CONSTANT HOILINQ 
HYDROCHLORIC ACID* 


Preature mm. of 
Mercury. 

Per Cent of 

HCI. 

Grams constant 
boiling distillate 
for 1 mol. HCI. 

770 

20.218 

180.390 

760 

20.242 

180.170 

760 

20.266 

179.960 

740 

20.290 

179.745 

730 

20.314 

179.530 


Temperature of constant boiling hydrochloric acid is 108.54° at 763 mm. 
Speeifio gravity 1.09620”. 

* Hulett and Bonner, Jour. Am. Chem. Soc. xxxi, 39*. 
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VII.—NITRIC ACID 
By W. C. pBHOnsoN 


Decreet 

Beami. 

Bp. Gl. 

6o»_ 

6o»'' 

IXErtci 

TwaMtll. 

Per Cest 
HHO.. 

10.00 

1.0741 

14.82 

12.86 

10.26 

1.0761 

15.22 

13.18 

10.50 

1.0781 

15.62 

13.49 

10.75 

1.0801 

16.02 

13.81 

11.00 

1.0821 

16.42 

14.13 

11.25 

1.0841 

16.82 

14.44 

11.50 

1.0861 

17.22 

14.76 

11.75 

1.0881 

17.62 

15.07 

12.00 

1.0902 

18.04 

1.5.41 

12.25 

1.0922 

18.44 

15.72 

12.50 

1.0943 

18.86 

10.05 

12.75 

1.0964 

19.28 

16..39 

13.00 

1.0985 

19.70 

16.72 

13.25 

I.ICOO 

20.12 

17.05 

13.50 

1.1027 

20..51 

17..38 

13.75 

1.1048 

20.96 

17.71 

14.00 

1.1060 

21.38 

18.04 

14.25 

1.1090 

21.80 

18.37 

14.50 

1.1111 

22.22 

18.70 

14.75 

1.1132 

22.61 

19.02 

15.00 

1.11.54 

23.08 

19..36 

15.25 

1.1176 

23..52 

19.70 

15.50 

1.1197 

23.94 

20.02 

15.75 

1.1219 

24..38 

20..36 

16.C0 

1.1240 

24.80 

20.69 

16.25 

1.1262 

25.24 

21.03 

16.50 

1.1284 

25.68 

21..30 

16.75 

1.1.'106 

26.12 

21.70 

17.00 

1.1328 

26..50 

22.04 

17.25 

1.1.X50 

27.00 

■22.38 

17..50 

1.1373 

27.46 

22.74 

17.75 

1.1.395 

27.90 

23.08 

18.00 

1.1417 

28.34 

23.42 

18.25 

1.1440 

28.80 

23.77 

18.50 

1.1462 

29.24 

24.11 

18.75 

1.1485 

29.70 

24.47 

19.00 

1.1.508 

.30.16 

24.82 

19.25 

1.1.531 

.30.62 

25.18 

19.50 

1.1554 

31.08 

25..53 

19.75 

1.1577 

31..54 

25.88 

20.00 

1.16(0 

.32.00 

26.24 

20.25 

1.1624 

32.48 

26.61 

20.50 

1.1647 

32.94 

26.96 

20.75 

1.1671 

33.42 

27..33 

21.00 

1.1604 

33.88 

27.67 


Decreet 

Btumi. 

Bp. Gri 

to® 

Defreet 

Twtdlell. 

Percent 

mo,. 

21.'25 

1.1718 

34.36 

28.02 

21.50 

1.1741 

34.82 

28.36 

21.75 

1.1765 

35.30 

28.72 

22.00 

1.1789 

35.78 

29.07 

22.2.5 

1.1813 

36.26 

29.43 

22.50 

1.1837 

.36.74 

29.78 

22.75 

1.1861 

37.22 

30.14 

23.00 

1.1885 

37.70 

30.49 

23.25 

1.1910 

. 38.20 

30.86 

23..50 

1.1934 

38.08 

31.21 

23.7.5 

1.19,59 

39.18 

31.,58 

24.00 

1.1983 

39.66 

31.94 

24.25 

1.2008 

40.16 

32.31 

24..50 

1.2033 

40.66 

32.68 

21.75 

1.2058 

41.16 

33.05 

25.00 

1.2083 

41.66 

33.42 

25.25 

1.2109 

42.18 

33.80 

25..50 

1.2134 

42.68 

34.17 

25.75 

1.2160 

43.20 

34.56 

20.00 

1.2185 

4.3.70 

34.94 

26.25 

1.2211 

44.22 

35.33 

20..50 

1.22.36 

44.72 

35.70 

20.75 

1.2262 

45.24 

.36.09 

27.00 

1.2288 

45.76 

36.48 

27.25 

1.2.314 

46.28 

36.87 

27..50 

1.2.340 

46.80 

37.26 

27.75 

1.2.367 

47..34 

37.67 

28.00 

1.2.39.3 

47.86 

38.06 

■28.25 

1.2420 

48.40 

38.46 

28..50 

1.2446 

48.92 

38.85 

28.75 

1.2473 

49.46 

39.25 

■29.00 

1.2.500 

50.00 

39.66 

29.‘25 

1.2527 

50..54 

40.06 

29..50 

1.2.5.54 

51.08 

40.47 

29.75 

1.2.582 

51.64 

40.89 

30.00 

1.2609 

.52.18 

41.30 

30.25 

1.2637 

52.74 

41.72 

30.50 

1.2664 

53.28 

‘ 42.14 

30.75 

1.2692 

53.84 

42.58 

31.00 

1.2719 

5^.38 

43.00 

31.25 

1.2747 

54.94 

43.44 

31 ..50 

1.2775 

55..50 

43.89 

31.75 

1.2804 

56.08 

44.34 

.32.00 

1.2832 

56.64 

44.78 

32.25 

1.2861 

57.22 

45.24 
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TABLES AND USEFUL DATA 

VII.—NITRIC ACID (Continued) 


Bagreei 

Baamd. 

8p. Or. 

^F 
60“ • 

Degrees 

TwaddeU. 

PerCest 

HNO,. 

Degreat 

Baamd. 

v;- 
60 ® * 

Degreet 

Twaddell. 

Per Ceat 

SEfOjIe 

32.50 

1.2889 

57.78 

45.68 

40.75 

1.3909 

78.18 

63.48 

32.75 

1.2918 

58.36 

46.14 

41.00 

1.3942 

78.84 

64.20 

33.00 

1.2946 

58.92 

46.58 

41.25 

1.3976 

79.62 

64.93 

33.25 

1.2975 

59.50 

47.04 

41.60 

1.4010 

80.20 

65.67 

33.50 

1.3004 

60.08 

47.49 

41.75 

1.4044 

80.88 

66.42 

33.75 

1.3034 

60.68 

47.95 

42.00 

1.4078 

81.66 

67.18 

34.00 

1.3063 

61.26 

48.42 

42.25 

1.4112 

82.24 

67.95 

34.25 

1.3093 

61.86 

48.90 

42.50 

1.4146 

82.92 

68.73 

34.50 

1.3122 

62.44 

49.35 

42.75 

1.4181 

83.62 

69.52 

34.75 

1.3162 

63.04 

49.83 

43.00 

1.4216 

84.32 

70.33 

35.00 

1.3182 

63.64 

50.32 

43.25 

1.4251 

85.02 

71.16 

35.25 

1.3212 

64.24 

50.81 

43.50 

1.4286 

85.72 

71.98 

35.50 

1.3242 

64.84 

51.30 

43.76 

1.4321 

86.42 

72.82 

35.76 

1.3273 

65.46 

51.80 

44.00 

1.4356 

87.12 

73.67 

36.00 

1.3303 

66.06 

52.30 

44.26 

1.4392 

87.84 

74.53 

36.25 

1.3334 

66.68 

52.81 

44.50 

1.4428 

88.56 

75.40 

36.50 

1.3364 

67.28 

53.32 

44.76 

1.4464 

89.28 

76.28 

36.75 

1.3395 

67.90 

53.84 

45.00 

1.4500 

90.00 

77.17 

37.00 

1.3426 

68.52 

54.36 

45.26 

1.4536 

90.72 

78.07 

37.25 

1.3457 

69.14 

54.89 

45.50 

1.4.573 

91.46 

79.03 

37.60 

1.3488 

69.76 

65.43 

45.75 

1.4610 

92.20 

80.04 

37.75 

1.3520 

70.40 

65.97 

46.00 

1.4646 

92.92 

81.08 

38.00 

1.3551 

71.02 

66.62 

46.26 

1.4684 

93.68 

82.18 

38.25 

1.3583 

71.66 

67.08 

46.50 

1.4721 

94.42 

83.33 

38.50 

1.3615 

72.30 

67.65 

46.75 

1.4768 

96.16 

84.48 

38.75 

1.3647 

72.94 

68.23 

47.00 

1.4796 

95.92 

85.70 

39.00 

1.3679 

73.58 

68.82 

47.25 

1.4834 

96.68 

86.98 

89.25 

1.3712 

74.24 

59.43 

47.60 

1.4872 

97.44 

88.32 

39.50 

1.3744 

74.88 

60.06 

47.76 

1.4910 

98.20 

89.76 

39.75 

1.3777 

75.54 

60.71 

48.00 

1.4948 

98.96 

91.35 

40.00 

1.3810 

76.20 

61.38 

48.25 

1.4987 

99.74 

93.13 

40.25 

1.3843 

76.86 

62.07 

48.50 

1.5026 

100.52 

95.11 

40.50 

1.3876 

77.52 

62.77 






fiueclflc OrATlU determlnatloiM were made at 00® F., compared with water at 60® r. 
From the Speomo Gravitlesi the corresponding degrees Bauiu6 were calculated by the 
tollowlngfomutai Ba«m*= 146 -g^. 

Bavin^ Hydrometera for use with thU table moat hv graduated by the abore formola, 
which formula ehoold alwayt be printed on the aoale. 

Atomic weighte from F. W. Clarke’e table of 1901. 0=16. 

ALLOWANCE FOB TEMPERATCRE: 

At 10° — 20° B<. — 1/30° Bd. or .00029 8p. Or. = 1° F. 

20° — 30° Bd. —1/29° Be. or X!0044 “ “ = 1° F. 

30° —40“ Bd. —l/20°Bd. or dMOeO <• “ =1°F. 

40°—48.5° Bd. —1/17° Bd. or .00084 “ “ = 1° F. 

AOTHOHITV —W. C. FbHOOBOK. 




TABLES AND USEFUL DATA 
VIII.—NITRIC ACID 
LuNoa AMO Ret 


665 


Gnvlcj 

IS* 

la vmcuo 

100 ports bT w^ht 
eootola 

I littr con* 

tains grams 

trifle 

OimTllT 

«5° 

In vacuo 

too parts by wsight 
contata 

1 littr con* 
tains grams 

R?0, 

BHO, 

B>0. 

HEO, 

* 

HiO, 

hIo, 

RA 

HROa 

1.000 

0.08 

0.10 

1 

1 

1.195 

27.10 

31.62 

324 

378 

1.005 

0.85 

1.00 

8 

10 

1.200 

27.74 

32.36 

333 

388 

1.010 

1.62 

1.90 

16 

19 

1.205 

28.36 

33.09 

342 

399 

1.015 

2.39 

2.80 

24 

28 

1.210 

28.99 

33.82 

351 

409 

1.020 

3.17 

3.70 

33 

38 

1.215 

29.61 

34.55 

360 

420 

1.025 

3.94 

4.60 

40 

47 

1.220 

30.24 

35.28 

369 

430 

1.030 

4.71 

5.50 

49 

57 

1.225 

30.88 

36.03 

378 

441 

1.035 

5,47 

6.38 

57 

66 

1.230 

31.53 

36.78 

387 

462 

1.040 

6.22 

7.26 

64 

75 

1.235 

32.17 

37.53 

397 

463 

1.045 

6.97 

8.13 

73 

85 

1.240 

32.82 

38.29 

407 

475 

1.050 

7.71 

8.99 

81 

94 

1.245 

33.47 

39.05 

417 

486 

1.055 

8.43 

9.84 

89 

104 

1.250 

34.13 

39.82 

427 

498 

1.060 

9.15 

10.68 

97 

113 

1.255 

34.78 

40.68 

437 

609 

1.065 

9.87 

11.51 

105 

123 

1.260 

35.44 

41.34 

447 

521 

1.070 

10.57 

12.33 

113 

132 

1.285 

36.09 

42.10 

457 

533 

1.075 

11.27 

13.15 

121 

141 

1.270 

36.75 

42.87 

467 

544 

1.080 

11.96 

13.95 

129 

151 

1.275 

37.41 

43.64 

477 

556 

1.085 

12.64 

14.74 

137 

160 

1.280 

38.07 

44.41 

487 

568 

1.090 

13.31 

15.53 

145 

169 

1.285 

38.73 

45.18 

498 

681 

1.095 

13.99 

16.32 

153 

179 

1.290 

39.39 

45.95 

508 

593 

1.100 

14.67 

17.11 

161 

188 

1.296 

40.05 

46.72 

519 

605 

1.105 

15.34 

17.89 

170 

198 

1.300 

40.71 

47.49 

629 

617 

1.110 

16.00 

18.67 

177 

207 

1.305 

41.37 

48.26 

540 

630 

1.115 

16.67 

19.45 

186 

217 

1.310 

42.06 

49.07 

551 

643 

1.120 

17.34 

20.23 

195 

227 

1,315 

42.76 

49.89 

562 

656 

1.125 

18.00 

21.00 

202 

236 

1.320 

43.47 

50.71 

673 

669 

1.130 

18.68 

21.77 

211 

246 

1.325 

44.17 

61.63 

585 

683 

1.135 

19.32 

22.54 

219 

2.56 

1.330 

44.89 

62.37 

597 

697 

1.140 

19.98 

23.31 


266 

1.3325 

45.26 

62.80 

603 

704 

1.145 

20.64 

24.08 

237 

276 

1.335 

45.62 

53.22 

609 

710 

1.150 

21.29 

24.84 

245 

286 

1.340 

46.35 

64.07 

621 

725 

1.155 

21.94 

25.60 

254 

296 

1.345 

47.08 

54.93 

633 

739 

1.160 

22.60 

26.36 

262 

306 

1.350 

47.82 

56.79 

645 

753 

1.165 

23.25 

27.12 

271 

316 

1.355 

48.67 

56.66 

668 

768 

1.170 

23.90 

27.88 

279 

326 

1.360 

49.35 

67.67 

671 

783 

1.175 

24.54 

28.63 

288 

336 

1.365 

50.13 

58.48 

684 

708 

1.180 

25.18 

29.38 

297 

347 

1.370 

60.91 

59.39 

698 

814 

1.185 

25.83 

30.13 

306 

357 

1.375 

51.69 

60.30 

711 

829 

1.190 

28.47 

30.88 

315 

367 

1.380 

52.52 

61.27 

726 

846 
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TABLES AND USEEUL DATA 

VIIL—NITRIC ACID (Continued) 


SpMiflc 

i*! 

u racuo 

100 parts br weight 
conUia 

I liter con¬ 
tains grams 

Specific 

Gravity 

ISO 

in vacuo 


I lit*r con- 
talniftanu 

»iO. 

n 

H.05 

BKO, 

* 

n,o. 

m 

B|0, 

HNO, 

1.3833 

53.08 

61.92 

735 

857 

1.495 

78.52 

91.60 

1174 

1369 

1.385 

53.35 

62.24 

739 

862 

mmi 

80.65 

94.09 

■Wlil 

1411 

1.390 

64.20 

63.23 

753 

879 

1.501 

81.09 

94.60 

1217 

1420 

1.305 

66.07 

64.25 

768 

896 

1.502 

81.50 

95.08 

1224 

1428 

1.400 

65.07 

05.30 

783 

914 


81.91 

95.55 

1231 

1436 

1.405 

50.02 

66.40 

iacil 

933 


82.29 

96.00 

12;i8 

1444 

1.410 

.57.86 

67.60 

816 

952 

1.505 

82.03 

96.39 

1244 

1451 

1.415 

68.83 

08.63 

8:12 

971 

1.506 

82.94 

96.76 


1457 

1.420 

60.83 

09.80 

849 

991 


83.26 



1464 

1.425 

60.84 

70.98 

807 

1011 


83.58 

97.50 


1470 

1.430 

61.86 

72.17 

885 

1032 


83.87 

97.84 


1476 

1.435 

62.01 

73.39 

903 

1053 

1.510 

84.09 

98.10 


1481 

1.440 

64.01 

74.68 

921 

1075 

1.511 

84.28 

98.32 

1274 

1486 

1.446 

65.13 

75.98 

941 

1098 

1.512 

84.46 

98.53 

1277 

EfisJ 

1.450 

66.24 

77.28 


1121 

1.513 


98.73 


1494 

1.455 

67.38 

78.60 


1144 

1.514 

84.78 

98.90 


1497 

1.460 

68.56 

79.98 

1001 

1168 

1.615 

84.92 

99.07 

1287 


1.465 

60.79 

81.42 

1023 

1193 

1.516 

85.04 

99.21 

1289 


1.470 

71.06 

82.90 


1219 

1.517 

85.15 

99.34 

1292 


1.476 

72.39 

84.45 


1246 

1.518 

85.26 

99.46 

1294 

1510 

1.480 

73.76 

86.05 

1092 

1274 

1.519 

85.35 


1296 

1512 

1.485 

76.18 

87.70 

1116 

■ 1^ 

1.520 

85.44 

99.67 

1299 

1515 

1.400 

76.80 

89.60 

1144 

B 













































TABLES AND USEFUL DATA 

IX.—PHOSPHORIC ACID AT, 17.6* 


SpMilC 

OMTity. 

Per 

Cent. 

PA. 

Per Cent. 
H,P0,. 

Speeiflc 

Ornvity. 

Per 

Cent. 

PA- 

Pet Cent. 
H,PO,. 

SneelCe 

Ornrity 

Per 

Cent. 

PA- 

Percent. 

■.PO.. 

1.809 

68.0 

93.67 

1.462 

46.0 

63.37 

1.208 

24.0 

33.06 

1.800 

67.5 

92.99 

1.455 

45.5 

62.68 

1.203 

23.5 

32.37 

1.792 

67.0 

92.30 

1.448 

45.0 

01.99 

1.198 

23.0 

31.68 

1.783 

06.5 

91.61 

1.441 

44.5 

61.30 

1.193 

22.5 

30.99 

1.775 

66.0 

90.92 

1.4.35 

44.0 

60.61 

1.188 

22.0 

30.31 

1.766 

65.5 

90.23 

1.428 

43.5 

59.92 

1.183 

21.5 

29.62 

1.758 

65.0 

89.54 

1.422 

4.3.0 

.59.23 

1.178 

21.0 

28.93 

1.750 

64.5 

88.85 

1.415 

42.5 

58..55 

1.174 

20.5 

28.24 

1.741 

64.0 

88.16 

1.409 

42.0 

57.86 

1.169 

20.0 

27.55 

1.7.33 

03.5 

87.48 

1.402 

41.5 

57.17 

1.164 

19.5 

26.86 

1.725 

63.0 

86,79 

1.396 

41.0 

.56.48 

1.169 

19.0 

26.17 

1.717 

62.5 

86.10 

1.389 

10.5 

65.79 

1.1.55 

18.5 

25.48 

1.709 

62.0 

85.41 

1.3,83 

40.0 

55.10 

1.150 

18.0 

24.80 

1.701 

61.5 

84.72 

1..377 

.39.5 

.54.41 

1.145 

17.5 

24.11 

1.693 

61.0 

84.03 

1.371 

39.0 

53.72 

1.140 

17.0 

23.42 

1.685 

60.5 

83.34 

1.365 

38.5 

53.04 

1.135 

16.5 

22.73 

1.677 

60.0 

82.65 

1.359 

38.0 

52..35 

1 .1:10 

16.0 

22.04 

1.669 

59.5 

81.97 

1.3.54 

37.5 

.51.66 

1.126 

15.5 

21.35 

1.661 

.59.0 

81.28 

1.348 

37.0 

50.97 

1.122 

16.0 

20.66 

1.6,53 

58.5 

80..59 

1..342 

36,5 

50.28 

1.118 

14.5 

19.97 

1.6-15 

58.0 

79.90 

1.3.36 

.36.0 

49.59 

1.113 

14.0 

19.28 

1.637 

57.5 

79.21 

1.330 

35.5 

48.90 

1.109 

13.5 

18.60 

1.629 

57.0 

78.52 

1.325 

35,0 

48.21 

1.104 

13,0 

17.91 

1.621 

,56.5 

77,83 

1.319 

34.5 

47.52 

1.100 

12.5 

17.22 

1.613 

56.0 

77.14 

1.314 

34.0 

46.84 

1.096 

12.0 

16.53 

1.605 

.55.5 

76,4.5 

1..308 

33.5 

46.15 

1.091 

11.5 

15.84 

1.597 

5.5.0 

75.77 

1..30.3 

33.0 

45.46 

1.087 

11.0 

15.15 

1..5.S9 

54.5 

75.08 

1.298 

32.5 

44.77 

1.083 

10.5 

14.46 

1.581 

54,0 

74.39 

1.292 

32.0 

44.08 

1.079 

10.0 

13.77 

1.574 

.53.5 

73.70 

1.2,87 

31.5 

43,39 

1,074 

9.5 

13.09 

1.566 

53.0 

73.01 

1.281 

31.0 

42.70 

1.070 

9.0 

12.40 

1..559 

52.5 

72.32 

1.276 

.30.5 

42.01 

1.066 

8.5 

11.71 

1.551 

52.0 

71.63 

1.271 

30.0 

41.33 

1.062 

8.0 

11.02 

1.543 

51.5 

70.91 

1.265 

29.5 

40.64 

1.0,58 

7.6 

10.33 

1.536 

51.0 

70.26 

1.260 

29.0 

.39.95 

1.0.53 

7.0 

9.64 

1.528 

50.5 

69.57 

1.2.55 

28.5 

39.26 

1.049 

6.5 

8.96 

1.521 

50.0 

68.88 

1.249 

28.0 

38.,57 

1.045 

6.0 

8.26 

1.513 

49.5 

68.19 

1.244 

27.5 

37.88 

1.041 

5.5 

7.57 

1.505 

49.0 

67.50 

1.239 

27.0 

37.19 

1.037 

5.0 

’6.89 

1.498 

48.5 

66.81 

1.233 

26.5 

36.50 

1.033 

4.5 

6.20 

1.491 

48.0 

66.12 

1.228 

26.0 

35.82 

1.029 

4.0 

5.51 

1.484 

47.5 

65.43 

1.223 

25.5 

35.13 

1.025 

3.5 

4.82 

1.476 

47.0 

64.75 

1.218 

25.0 

34.44 

1.021 

3.0 

4.13 

1.469 

46.5 

64.06 

1.213 

24.5 

33.75 

1.017 

2.5 

3.44 


667 
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TABLES AND USEFUL DATix 


X.—SULPHURIC ACID 


Bt W. C. Febquson and H. P. TAiaor 


Osgrwt 

Basing. 

Bpeeias 

Gravity 

— t. 
w 

DttrMi 

TwaMell. 

Per 

Cent 

B,80,. 

Welcht of 

1 Cu. Ft. la 
Lbi. At. 

PerCMt 

0. V.* 

Poaade 0. T. 
in 

I CnUe Foot. 

0 

1.0000 

0.0 

0.00 

62.37 

0.00 

0.00 

1 

1.0069 

1.4 

1.02 

62.80 

1.09 

0.68 

2 

1.0140 

2.8 

2.08 

63.24 

2.23 

1.41 

3 

1.0211 

4.2 

3.13 

63.69 

3.36 

2.14 

4 

1.0284 

5.7 

4.21 

64.14 

4.52 

2.90 

6 

1.0357 

7.1 

6.28 

64.60 

6.67 

3.66 

0 

1.0432 

8.6 

6.37 

65.06 

6.84 

4.45 

7 

1.0507 

10.1 

7.45 

65.53 

7.99 

5.24 

8 

1.0584 

11.7 

8.55 

66.01 

9.17 

6.06 

9 

1.0662 

13.2 

9.66 

66.50 

10.37 

6.89 

10 

1.0741 

14.8 

10.77 

66.99 

11.56 

7.74 

11 

1.0821 

16.4 

11.89 

67.49 

12.76 

8.61 

12 

1.0902 

18.0 

13.01 

68.00 

13.96 

9.49 

13 

1.0985 

19.7 

14.13 

68.51 

15.16 

10.39 

14 

1.1069 

21.4 

16.25 

69.04 

16.36 

11.30 

15 

1.1154 

23.1 

16.38 

69.57 

17.58 

12.23 

16 

1.1240 

24.8 

17.53 

70.10 

18.81 

13.19 

17 

1.1328 

26.6 

18.71 

70.65 

20.08 

14.18 

18 

1.1417 

28.3 

19.89 

71.21 

21.34 

15.20 

19 

1.1508 

30.2 

21.07 

71.78 

22.61 

16.23 

20 

1.1600 

32.0 

22.26 

72.35 

23.87 

17.27 

21 

1.1694 

33.9 

23.43 

72.94 

25.14 

18.34 

22 

1.1789 

35.8 

24.61 

73.53 

26.41 

19.42 

23 

1.1885 

37.7 

25.81 

74.13 

27.69 

20.53 

24 

1.1083 

39.7 

27.03 

74.74 

29.00 

21.68 


Sp. Qr. determinations were made at 60° F., compared with water at 60° F, 
F^m the Sp. Grs., the corresponding degrees Baumd were calculated by 
the following formula: Baum6 = 145-145/Sp. Gr. 

Baum6 Hydrometers for use with this table must be graduated by the 
above formula, which formula should always be printed on tlie scale. 

* 66° Baum€ Sp. Gr. 1.8354 ■" Oil of Vitriol (O. V.). 

■ 1 cu. ft. water at 60° F. weighs 62.37 lbs. av. 

Atomic weights from F. W. Clarke’s table of 1901. O • 10. 

H,S 04 => 100 per cent. 

% H,S04 % 0. V. %60» 

O.V. = 93.19 - 100.00 - 119.98 

60° = 77.67 - 83.35 - 100.00 

50° = 62.18 = 66.72 = 80.00 



TABLES AND USEFUL DATA 


X.-SULPHURIC ACID (Continued) 



*FrMSlnE 




1, —_ 

DSgTMS 

Baani. 

(lltItiB!) 

APPROXIMATE 

BOILING 

POINTS 


F. 


50° B, 

295° F. 





60° “ 

386° “ 


0 

32.0 


61® “ 

400° “ 


1 

31.2 


62° " 

415° “ 


2 

30.5 


63° “ 

432° “ 


3 

29.8 


64° " 

451° “ 


4 

28.9 


65° " 

485° " 


5 

28.1 


66° “ 

538° “ 


6 

7 

27.2 

26.3 


FIXED 

POINTS 


o 

25.1 





9 

24.0 

Specifle 

Per Cent 

specific 

PerCeat 



Oravity. 

H,S 0 «. 

Oravity. 

H, 80 «. 

10 

22. ft 





11 

21,5 

1.0000 

.00 

1.5281 

62.34 

12 

20.0 

1.0048 

.71 

1.5440 

63.79 

13 

18.3 

1.0347 

5.14 

1.5748 

66.51 

14 

10.6 

1.0649 

9.48 

1.6272 

71.00 

15 

14.7 

1.0992 

14.22 

1.6679 

74.46 

16 

12.6 

1.1353 

19.04 

1.7044 

77.54 

17 

10.2 

1.1736 

23.94 

1.7258 

79.40 

18 

7.7 

1.2105 

28.55 

1.7472 

81.32 

19 

4.8 

1.2513 

33.49 

1.7700 

83.47 



1.29.51 

38.64 

1.7959 

86.36 

20 

+ 1.6 

1.3441 

44.15 

1.8117 

88.53 

21 

- 1.8 

1.3947 

49.52 

1.8194 

89.75 

22 

- 6.0 

1.4307 

53.17 

1.8275 

91.32 

23 

-11 

1.4667 

56.68 

1.8354 

93.19 

24 

-10 

1.4822 

58.14 




Acids stronger than 66° B<5. should have their percentage composition! 
determined by chemical analysis. 

• Calculate from Hekering’s results, Jour, of Lon. Ch. Soc., vol. 67, p. 363. 


Aothorities — W. C. Ferooson; H. P. Talbot. 

This table has been approved and adopted as a standard by the Manu¬ 
facturing Chemists’ Association of tlie United Htates. 

W. H. Bower, ’ 
Henry Howard, 

Jas. L. Moroan, 
Arthur Wyman, 

A Q. Rosenoarten, 

New York, June 23,1004. Executive Committee 
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TABLES AND USEFUL DATA 


X.—SULPHURIC ACID (Continued) 


D«CrM( 

Bkami. 

Spaelfle 

OnTitjr 

60 ** 

Dt(re«> 

Tw«ddell. 

Per 

Celt 

H,S0,. 

weight ol 

1 Ca. Ft. in 
Lbe. At. 

Per Cent 

0 . V. 

PonndeO. V. 
in 

1 CnUe Poet, 

25 

1.2083 

41.7 

28.28 

75.33 

30.34 

22.87 

26 

1.2185 

43.7 

29.53 

76.00 

31.69 

24.08 

27 

1.2288 

45.8 

30.79 

76.04 

33.04 

25.32 

28 

1.2393 

47.9 

32.05 

77.30 

34.39 

26.58 

20 

1.25C0 

50.0 

33.33 

77.96 

35.76 

27.88 

30 

1.2609 

52.2 

34.63 

78.04 

37.16 

29.22 

31 

1.2719 

54.4 

35.93 

79.33 

38.55 

30.58 

32 

1.2832 

56.6 

37.20 

80.03 

39.98 

32.00 

33 

1.2946 

58.9 

38.58 

80.74 

41.40 

33.42 

34 

1.30G3 

61.3 

39.92 

81.47 

42.83 

34.90 

35 

1.3182 

63.0 

41.27 

82.22 

44.28 

36.41 

36 

1.3.303 

66.1 

42.63 

82.97 

45.74 

37.95 

37 

1.3426 

68.5 

43.99 

83.74 

47.20 

39.53 

38 

1.3551 

71.0 

45.35 

84.52 

48.66 

41.13 

39 

1.3679 

73.6 

40.72 

85.32 

50.13 

42.77 

40 

1.3810 

76.2 

48.10 

86.13 

51.61 

44.45 

41 

1.3042 

78.8 

49.47 

86.96 

53.08 

46.16 

42 

1.4078 

81.6 

50.87 

87.80 

54.58 

47.92 

43 

1.4216 

84.3 

52.26 

88.67 

56.07 

49.72 

44 

1.4356 

87.1 

53.66 

89.54 

57.58 

51.56 

45 

1.4500 

90.0 

55.07 

90.44 

59.09 

53.44 

46 

1.4646 

92.9 

56.48 

91.35 

00.60 

55.36 

47 

1.4796 

95.9 

67.90 

92.28 

62.13 

57.33 

48 

1.4948 

99.0 

59.32 

93.23 

63.65 

59.34 

49 

1.5104 

102.1 

60.75 

94.20 

65.18 

61.40 

50 

1.5263 

105.3 

62.18 

95.20 

66.72 

63.52 

51 

1.5426 

108.5 

63.66 

96.21 

68.31 

65.72 

52 

1.5591 

111.8 

65.13 

97.24 

69.89 

67.96 

53 

1.6761 

115.2 

66.63 

98.30 

71.50 

70.28 

54 

1.5934 

118.7 

68.13 

99.38 

73.11 

72.66 

55 ‘ 

1.6111 

122.2 

69.65 

100.48 

74.74 

75.10 

56 

1.6292 

126.8 

71.17 

101.61 

76.37 

77.60 

57 

1.6477 

129.5 

72.75 

102.77 

78.07 

80.23 

58 

1.6667 

133.3 

74.36 

103.95 

79.79 

82.05 

59 

1.6860 

137.2 

75.99 

105.16 

81.54 

85.75 
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X.-SULPHURIC ACID (Continued) 


Depeei 

* Fraeilne 
(Meltioc) 
Point. 







«F. 


1 1 r • T 








25 

-23 






26 

-30 

At 10“ 

B4. .029“IVs.or .00023 Sp. fir. = 

1“F. 

27 

-39 

“ 20“ 

" .036“ 

“ .000.34 “ = 

jO l< 

28 

-49 

“ 30“ 

“ .035“ 

" .00039 " = 

^0 u 

29 

-61 

“ 40“ 

“ .031“ 

“ .00041 “ = 

JO « 

30 

-74 


“ 50“ 

“ .028“ 

" .00045 “ = 

JO (( 


“ 60“ 

" .026“ 

" .000.5;i “ = 

jO « 

31 

-82 

“ 63“ 

“ .026“ 

“ .00057 “ = 

|0 <( 

32 

-96 

“ 66“ 

.0235“ 

“ .00054 “ i= 

JO it 

33 

-97 






34 

-91 






35 

-81 






36 

-70 




.. •• 


37 

38 

39 

-60 

-53 

-47 

Per Cent 

60 " 

BAttin6. 

Pounds 

6o" Baumd 
in 

X Cubic Foot. 

Per Cent 

50" 

Baumd. 

Pounds 
so" Baumd 
in 

I Cubic Foot 


40 

-41 

61.93 

53.34 

77.36 

66.03 


41 

-35 

63.69 

55.39 

79 56 

69.19 


42 

-31 

65..50 

57.50 

81.81 

71.83 


43 

-27 

67.28 

59.66 

84.05 

74.53 


44 

-23 

09.09 

61.86 

86.30 

77.27 


45 

-20 

70.90 

64.12 

88..56 

80.10 


46 

-14 

72.72 

60.43 

90.8.3 

82.98 


47 

-15 

74.55 

68.79 

93.12 

85.93 


48 

-18 

76.37 

71.20 

95.40 

88.94 


49 

-22 

78.22 

73.68 

97.70 

92.03 


SO 

-27 

80.06 

76.21 

100.00 

95.20 


51 

-33 

81.90 

78.85 

102.38 

98.50 


52 

-39 

83.80 

81..5-1 

104.74 

101.85 


53 

-49 

85.79 

84.33 

107.15 

105.33 


54 

-59 

87.72 

87.17 

109.57 

108.89 


55 



89.67 

90.10 

112 01 

112.55 


66 


9 

01.63 

93.11 

114.46 

116.30 


57 



93.67 

96.26 

117.00 

120.24 


58 


I 

95.74 

99.52 

119.59 

124.31 


59 

- r 

97.84 

102.89 

122.21 

128.52 
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X.—SULPHURIC ACID (Continued) 


Dosreei 

flpecifio 

Degrees 

Per Cent 

Weight of 

Per Cent 

Pounds 0. V. 

Bftumd. 

6()® F. 

«0® 

Tw^dell. 

Hi804. 

Lbs. Av. 

O. V. 

1 Cubic Foot. 

60 

1.7a59 

141.2 

77.67 

106.40 

83.35 

88.68 

61 

1.7262 

145.2 

79.43 

107.66 

85.23 

91.76 

62 

1.7470 

149.4 

81.30 

108.96 

87.24 

95.06 

63 

1.76a3 

153.7 

83.34 

110.29 

89.43 

98.63 

64 

1.7901 


85.66 

111.66 

91.92 

102.63 

64} 

1.7967 

159.1 

86.33 

112.00 

92.64 

103.75 

64} 

1.8012 

160.2 

87.04 

112.34 

93.40 

104.93 

64} 


161.4 

87.81 

112.69 

94.23 

106.19 

65 

1.8125 

162.5 

88.05 

113.05 

95.13 

107.54 

65} 

1.8182 


89.65 

113.40 

96.10 

108.97 

65} 

1.8239 

164.8 

90.60 

113.76 

97.22 

110.60 

65} 

1.8297 

165.9 

91.80 

114.12 

98.51 

112.42 

66 

1.8:154 

107.1 

93.19 

114.47 

100.00 

114.47 

DeKnx^B 

Baum6. 

Frcesing 

(Melting) 

Point. 

Per Cent 
00^ fiauni4. 

Pounds 

60° Baum4 in 
Cubic Foot. 

Per Cent 
60° Baum6. 

Pounds 

60° Baum6 in 
Cubic Foot. 


60 

+12.6 

100.00 

106.40 

124.91 

132.91 


61 

27.3 

102.27 


127.74 

137.52 


62 

39.1 

104.67 



143*47 


63 

46.1 

107. :io 

118. :}4 

134.03 

147.82 


64 

46.4 

110.29 

123.14 

137.76 

153.81 


64} 

43.6 

111.15 

124.49 

138.84 

166.50 


64} 

41.1 

112.06 

125.89 

■ iiilUlH 

157.25 


64} 

37.9 

113.05 

127.40 

WWfm 

159.14 


65 

33.1 

114.14 

129.03 

■ ■vWfm 

161.17 


65} 

24.6 

115.30 

i:i0.76 

144.02 

163.32 


66i 

13.4 

116.05 

132.70 

145.71 

1 I 5.76 


65} 

- 1 

118.19 

l:i4.88 

147.63 

168.48 


66 

-29 

119.98 

137.34 

149.87 

171.66 



XI.-SULPHURIC ACID TABLE 
94-100% H^4 
By H. B. Bishop 


B«. 

Sp.Qr. ateO’F. 

Per Cent.*) 
H 1 SO 4 

Wt. 1 Cu. Ft. 

Aliownnbe tot Temperature. 

66 

1.8354 

93.19 

114.47 

At 94% .00054 sp.gr. -1"F. 
“ 96 .0053 -I'F. 

66.12 

1.8381 

94.00 

114.64 

66.23 

1.8407 

95.00 

114.80 

“ 97.6.00052 “ -1»F. 

66.31 

1.8427 

96.00 

114.93 

“ 100 .00052 “ -rF. 

66.36 

1.8437 

97.00 

114.99 


66.36 

1.8439 

97.50 

114.99 


66.36 

1.8437 

98.00 

114.99 


66.30 

1.8424 

99.00 

114.91 


66.16 

1.8391 

100.00 

C 

114.70 










































TABLES AND USEFUL DATA 673 


PITMTNG SULPHURIC ACID EQUIVALENTS 


Total 

80i 

Equivalent 

HiSOi 

I'er Cent 
HiSO« 

Per Cent 
FrceBOi 

Tour 

SOi 

Equivalent 

UiSOi 

Per Cent 
liiSUi 

Per Cent 
KreeSOi 

81.63 




■Riin 

111.25 

50 

50 

81.82 

100.23 

99 

i 1 

iHiVrtfl 

111.48 


61 

82.00 

100.46 

98 

, 2 


111.70 


52 

82.18 

100.67 

97 

3 

91.37 

111.93 


63 

82.37 


96 

4 

91.55 

112.15 


64 

82.66 

101.13 

96 

6 

91.73 

112.37 

mpm 

55 

82.73 

101.35 

94 

6 

91.92 

112.60 


56 

82.92 

101.68 

93 

7 

92.10 

112.82 


67 

83.10 


92 

8 

92.29 

113.05 


68 

83.29 


91 


92.47 

113.28 


59 

83.47 

102.25 

90 

.1 

92.65 

113.50 

40 

60 

83.66 

102.47 

89 

11 

92.84 

113.73 


61 

83.84 

102.70 

88 

12 

93.02 

113.95 

38 

62 

84.(» 

102.92 

87 

13 

93.20 

114.17 

37 

63 

84.20 

103.16 

86 

14 

93.39 

114.40 

36 

64 

84.39 

103.38 

85 

15 

93.67 

114.62 

35 

65 

84.67 

103.60 

84 

16 

93.76 

114.85 

34 


84.76 


83 

17 

93.94 

116.08 

33 

67 

84.94 


82 

18 

94.12 

115.30 

32 

68 

86.12 


81 

19 

94.31 

116.53 

31 

69 

86.31 


80 


94.49 

116.75 


70 

86.49 

104.73 

79 

21 

94,67 

115.97 

29 

71 

86.67 

104.95 

78 

22 

94.86 

116.20 

28 

72 

86.86 

105.18 

77 

23 

95.04 

116.42 

27 

73 

86.04 

105.40 


24 


116.66 


74 

86.22 

105.62 

76 

25 

95.41 

116.88 

25 

76 

86.41 


74 

26 

95.59 

117.10 

24 

76 

86.69 

B iS l!rU 

73 

27 


117.33 

23 

77 

86.78 

B M R?B 

72 

28 


117.55 

22 

78 

86.06 

B Ti 

71 

29 


117.77 

21 

79 

87.14 

B nB 

70 

30 

96.33 


20 

80 

87.33 

106.98 


31 

96.61 

118.22 

19 

81 

87.61 

107.20 

68 

32 


118.45 

18 

82 

87.69 

107.42 

67 

33 

96.88 

118.68 

17 

83 

87.88 

107.65 

66 

34 

97,06 

118.90 

16 

84 

88.06 

107.87 

6 o 

36 

97.26 


16 

85 

88.24 


64 

36 

97.43 

119.36 

14 


88.43 

108.3» 

63 

37 

97.61 

119.67 

13 

87 

88.61 

108.55 

62 

38 



12 

88 

88.80 

108.78 

61 

39 

97.98 


11 

89 

88.08 


60 

40 

98 16 




89.16 

109.22 

69 

41 

98.36 


9 

91 

89.36 

109.45 

68 

42 

98.63 


8 • 

92 

89.63 

109.67 

57 

43 

98.71 


7 

93 

89.71 

109.90 

56 

44 

98.90 

121.16 

6 

94 

89.00 

110.13 

55 

45 

99.08 

121.37 

5 

96 

90.08 

110.35 

64 

46 

99.27 

121.60 

4 

96 

90.27 

110.68 

53 

47 

99.45 

121.83 

3 

97 

00.46 

110.80 

52 

48 

99.63 


2 

98 

00.63 

111.02 

51 

49 

99.82 


1 

99 





100.00 





Compiled from the table by H. B. Bishop, Van Noetrand’e Chemical Annual, 1913. 
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TABLES AND USEFUL DATA 


XII.—ACETIC ACID AT 15“ 


OCDEMANS 


Specific 

Ora?ity. 

Per Cent 

Specific 

Gravity. 

If 

Specific 

Gravity. 

Per Cent i 

1 

Specific 

(^vity. 

li 

0.9992 

0 

1.0363 

26 

1.0623 

51 

1.0747 

70 

1.0007 

1 

1.0375 

27 

1 .oa3i 

52 

1.0748 

77 

1.0022 

2 

1.0388 

28 

1.0638 

53 

1.0748 

78 

1.0037 

3 

1.0400 

29 

1.0646 

.54 

1.0748 

79 

1.0052 

4 

1.0412 

30 

1.0653 

55 

1.0748 

80 

1.0067 

5 

1.0424 

31 

1.0660 

.56 

1.0747 

81 

1.0083 

6 

1.04.36 

32 

1.0666 

57 

1.0746 

82 

1.0098 

7 

1.0447 

33 

1.0673 

58 

1.0744 

83 

1.0113 

8 

1.0459 

34 

1.0679 

.59 

1.0742 

84 

1.0127 

9 

1.0470 

35 

1.0685 

60 

1.0739 

85 

1.0142 

10 

1.0481 

36 

1.0691 

61 

1.0736 

86 

1.0157 

11 

1.0492 

37 

1.0697 

62 

1.0731 

87 

1.0171 

12 

1.0502 

38 

1.0702 

63 

1.0726 

88 

1.0185 

13 

1.0513 

39 

1.0707 

64 

1.0720 

89 

1.0200 

14 

1.0.523 

40 

1.0712 

65 

1.0713 

90 

1.0214 

15 

1.0.533 

41 

1.0717 

66 

1.0705 

91 

1.0228 

16 

1.0.543 

42 

1.0721 

67 

1.0696 

92 

1.0242 

17 

1.05.52 

43 

1.0725 

68 

1.0686 

93 

1.0256 

18 

1.0.562 

44 

1.0729 

69 

1.0674 

94 

1.0270 

19 

1.0571 

15 

1.07.33 

70 

1.0660 

95 

1.0284 

20 

1.0.580 

46 

1.07.37 

71 

1.0644 

96 

1.0298 

21 

1.0589 

47 

1.0740 

72 

1.0625 

97 

1.0311 

22 

1.0.598 

48 

1.0742 

7.3 

1.0604 

98 

1.0324 

23 

1.0607 

49 

1.0744 

74 

1.0.580 

99 

1.0.337 

24 

1.0615 

.50 

1.0746 

75 

1.05.53 

100 

1.03.50 

25 



__ 

_ 




XIII.—MELTING POINTS OF ACETIC ACID 


llUDORPP, Ber. 3, 390. 


loogr. 
H.CaHiOi 
mixed wltli 
cr. water. 

100 parts 
by wefsht con¬ 
tain parts 
water. 

Melting (solidi¬ 
fying) point 
‘’C. 

too gr. 
H.C,408 
mixed with 
gr. water 

too parts 
by weight con¬ 
tain parts 
water. 

Melting 
(solidifying) 
point ®C. 

O.f) 

0.0 

16.7“ 

8.0 

7.407 

6.25“ 

0.5 

0.497 

15.65 

9.0 

8.257 

5.3 

1.0 

0.990 

14.8 

10,0 

9.090 

4.3 

1.5 

1.477 

14.0 

11.0 

9.910 

3.6 

2.0 

1.961 

13.25 

12.0 

10.774 

2.7 

3.0 

2.912 

11.95 

15.0 

13.043 

-0.2 

4.0 

3.846 

10.5 

18.0 

15.324 

-2.6 

5.0 

4.761 

9.4 

21.0 

17.355 

-5.1 

6.0 

5.660 

8,2 

24.0 

19.354 

-7.4 

7.0 

6.542 

7,1 





Boiling point 100% acid 117 S“. 





TABLES AND USEFUL DATA 
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XIV.—AQUA AMMONIA 
Accordinq to W. C. Ferguson 


DCfreei 

Baumi. 

9 

Per Cent 
HH,. 

Decreet 

Baum6. 

Sp. Or. 

60» 

Per Cent 
NB,. 

Decrees 

Bauml. 

V,!' 

6 o® 

Per Cent 
NHi. 

10.00 

1.0000 

.00 

16.,50 

.9556 

11.18 

23.00 

.91.50 

23.52 

10.25 

.9982 

.40 

16.75 

.9540 

11.64 

23.25 

.91.35 

24.01 

10.50 

.9964 

.80 

17.00 

.9524 

12.10 

23..50 

.9121 

24.50 

10.75 

.9947 

1.21 

17.25 

.9.508 

12.56 

23.75 

.9106 

24.99 

11.00 

.9929 

1.62 

17.50 

.9492 

13.02 

24.00 

.9091 

25.48 

11.25 

.9912 

2.01 

17.75 

.9475 

13.49 

24.25 

.9076 

25.97 

11..50 

.9894 

2.46 

18.00 

.9459 

13.96 

24..50 

.9061 

26.46 

11.75 

.9876 

2.88 

18.25 

.9444 

14.13 

24.75 

.9047 

26.95 

12.00 

.9859 

3.30 

18.50 

.9428 

14.90 

25.00 

.9032 

27.44 

12.25 

.9842 

3.73 

18.75 

.9412 

15.37 

25.25 

.9018 

27.93 

12.50 

.9825 

4.16 

19.00 

.9.396 

15.84 

25..50 

.9003 

28.42 

12.75 

.9807 

4..59 

19.25 

.9380 

16.32 

25.75 

.8989 

28.91 

13.00 

.9790 

5.02 

19.50 

.9.365 

16.80 

26.00 

.8974 

29.40 

13.25 

.9773 

5.45 

19.75 

.9.349 

17.28 

26.25 

.8960 

29.89 

13..50 

.9756 

5.88 

20.00 

.9.333 

17.76 

26.50 

.8946 

30.38 

13.75 

.9739 

0.31 

20.25 

.9318 

18.24 

26.75 

.8931 

30.87 

H.OO 

.9722 

6.74 

20.50 

.9.302 

18.72 

27.00 

.8917 

31.38 

14.25 

.9705 

7.17 

20.75 

.9287 

19.20 

27.25 

.8903 

31.85 

14.50 

.96.89 

7.01 

21.00 

.9272 

19.68 

27.50 

.8889 

32.34 

14.75 

.9672 

8.05 

21.25 

.9256 

20.16 

27.75 

.8875 

32.83 

15.00 

.9655 

8.49 

21.50 

.9241 

20.64 

28.00 

.8861 

.33..32 

15.25 

.9639 

8.93 

21.75 

.9226 

21.12 

28.25 

.8847 

33.81 

15.50 

.9622 

9.38 

22.00 

.9211 

21.60 

28..50 

.8833 

.34..30 

15.75 

.9605 

9.83 

22.25 

.919.5 

22.08 

28.75 

.8819 

34.79 

16.00 

.9589 

10.28 

22.50 

.9180 

22.56 

29.00 

.8805 

35.28 

16.25 

.9573 

10.73 

22.75 

.9105 

23.04 





ALLOWANCE FOR TEMPERATURE 
The coefficient of expan.sion for ammonia solutions, varying with the 
temperature, correction must be applied according to the following table: 


Corrections to be Added for Bacb 
Decree Below 60 ** F. 

Corrections to be Subtracted (or Back Decree 
Above 60 " F. 

Decrees 

Beumd. 

40"F. 

SO°F. 

7QPP. 

80 ® P. 

90 “?. 

100“ P. 

• 

w m 

.015° B4 

.017° B« 

. 020 ° B4 

.022° 

m 

.024* B4 

.028- B6 

16° 

.021 “ 

.023 " 

.026 " 

.028 

n 

.030 " 

.032 “ 

18° 

.027 “ 

.029 “ 

.031 “ 

.033 

<( 

.035 “ 

.037 “ 

20 ° 

.033 “ 

.036 “ 

.037 “ 

.038 

<« 

.040 “ 

.042 “ 

22 ° 

.039 " 

.042 “ 

.043 “ 

.045 

«( 

.047 “ 


26° 

.053 “ 

.057 “ 

.057 “ 

.059 

u 
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TABLES AND USEFUL DATA 


XV.--80DIUM HYDROXIDE SOLUTION AT 
Lungb 


1 UMr eontalni 

tetciflc DttTMt DtfrMt P«r C«nt Par Cant 

OiaTUir. Bauma. Twaddall. Ha|0. MaOH. - 

IftfOa IfftO&a 


1.007 

1.0 

1.4 

0.47 

0.61 

4 

6 

1.014 

2.0 

2.8 

0.93 

1.20 

9 

12 

1.022 

3.1 

4.4 

1.55 

2.00 

16 

21 

1.029 

4.1 

5.8 

2.10 

2.70 

22 

28 

1.036 

5.1 

7.2 

2.60 

3.35 

27 

35 

1.045 

6.2 

9.0 

3.10 

4.00 

32 

42 

1.052 

7.2 

10.4 

3.60 

4.64 

38 

49 

1.060 

8.2 

12.0 

4.10 

5.29 

43 

56 

1.067 

9.1 

13.4 

4.55 

5.87 

49 

63 

1.075 

10.1 

16.0 

5.08 

6.55 

56 

70 

1.083 

11.1 

16.6 

6.67 

7.31 

61 

79 

1.001 

12.1 

18.2 

6.20 

8.00 

68 

87 

1.100 

13.2 

20.0 

6.73 

8.68 

74 

95 

1.108 

14.1 

21.0 

7.30 

9.42 

81 

104 

1.116 

15.1 

23.2 

7.80 

10.06 

87 

112 

1.125 

16.1 

25.0 

8.50 

10.97 

96 

123 

1.134 

17.1 

26.8 

9.18 

11.84 

104 

134 

1.142 

18.0 

28.4 

9.80 

12.64 

112 

144 

1.152 

19.1 

30.4 

10.50 

13.55 

121 

156 

1.162 

20.2 

32.4 

11.14 

14.37 

129 

167 

1.171 

21.2 

34.2 

11.73 

15.13 

137 

177 

1.180 

22.1 

36.0 

12.33 

15.91 

146 

183 

1.190 

23.1 

38.0 

13.00 

16.77 

155 

200 

1.200 

24.2 

40.0 

13.70 

17.67 

164 

212 

1.210 

25.2 

42.0 

14.40 

18.58 

174 

225 

1.220 

26.1 

44.0 

15.18 

19.58 

185 

239 

1.231 

27.2 

46.2 

15.96 

20.59 

196 

253 

1.241 

28.2 

48.2 

16.76 

21.42 

208 

266 

1.252 

29.2 

50.4 

17.55 

22.64 

220 

283 

1.263 

30.2 

62.6 

18.35 

23.67 

232 

299 

1.274 

31.2 

54.8 

19.23 

24.81 

245 

316 

1.285 

32.2 

67.0 

20.00 

25.80 

257 

332 

1.297 ! 

33.2 

69.4 

20.80 

26.83 

270 

348 

1.308 

34.1 

61.6 

21.55 

27.80 

282 

364 

1.320' 

35.2 

64.0 

22.35 

28.83 

295 

381 

1.332 

36.1 

66.4 

23.20 

29.93 

309 

399 

1.345 

37.2 

69.0 

24.20 

31.22 

326 

420 











TABLES AND USEFUL DATA 677 


XV.—SODIUM HYDROXIDE SOLUTION AT 16° (Continued) 


Specific 

Orevitje 

Decreet 

Bauin^. 

Decreet 

Twa4deU. 

Pa Cmt 

«t,0. 

Pa C«t 
HtOB. 

1 liter eootftini 
Grenu 

X«tO. XaOB 

1 

1.357 

38.1 

71.4 

25.17 

32.47 

342 

441 

1.370 

39.2 

74.0 

26.12 

33.09 

359 

462 

1.383 

40.2 

76.0 

27.10 

34.96 

375 

483 

1.397 

41.2 

79.4 

28.10 

36.25 

392 

.506 

1.410 

42.2 

82.0 

29.05 

37.47 

410 

528 

1.424 

43.2 

84.8 

30.08 

38.80 

428 

553 

1.438 

44.2 

87.6 

31.00 

39.99 

446 

676 

1.453 

45.2 

90.6 

32.10 

41.41 

466 

602 

1.468 

40.2 

93.6 

33.20 

42.83 

487 

029 

1.483 

47.2 

96.6 

34.40 

44.38 

510 

068 

1.468 

48.2 

99.6 

35.70 

46.15 

.535 

691 

1.514 

49.2 

102.8 

36.90 

47.00 

559 

721 

1.530 

50.2 

106.0 

38.00 

49.02 

581 

750 
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TABLES AND USEFUL DATA 


XVL—VAPOK TENSION OF WATER IN MILLIMETERS OF MERCURY 

_2» TO -:36°C. 

Accordino to Reonault, Brock, and Weibb 


























































































TABLES AND USEFUL DATA 679 


XVII.—USEFUL DATA OP THE MORE IMPORTANT INORGANIC 
COMPOUNDS• 


Substance. 

1 Formula. 

Molecular 
or Atomic 
Weight. 

Normal 
Coefficient 
1 c.c. Mgm. 

Solubility 
in 100 Oms. 
Water. 

Indi¬ 

cator. 

Acetic acid. 


60.04 

.06004 



anhydride. 

(CH,CO)^ 

102.07 

.051035 



Aluminium.. 

Al 

27.10 

.009033 



chloride. 

AhCl, 

266.90 

.04449 

69.87'*' 

p. 

chloride. 

AI,C1,-12H^ 

483.15 

.080.53 

40 

p. 

oxide. 

A1,0, 

102.20 

.01703 

insoi. 


phosphate. 

AII>0, 

122.14 

.04071 



sulphate. 

AhlSO.), 

342.38 

.0.5706 

36. l*®" 

p. 

sulphate. 

AIs(S04),18H,0 

666.67 

.11111 

87 

p. 

Ammonia. 

NH, 

17.03 

01703 


M 

Ammonium. 

NH, 

18.04 

01804 


jC}'. 

chloride. 

NILCl 

53.50 

.05350 

29.4®'’ 

M. 

hydroxide. 

NH/lII 

35.05 

03505 


M 

nitrate. 

NH,N(), 

80.05 

.08005 

118®° 

M. 

oxalate. 

(NH^IjCA-HjO 

142.11 

.0710.5‘' 



sulphate. 

(NIDjSO, 

132.14 

.06607 

71®° 

M. 

Antimony. 

Sb 

120.20 

.06010 



chloride (tri). 

SbCI, 

226..58 

.11329> 



chloride (penta).., 

SbCh 

297..50 

.14875* 



oxide (tri). 

SbjO, 

288.40 

.07210* 



oxide (penta). 

SbjO, 

320.40 

.08010* 



Arsenic... 

As 

74.96 

.03748 



oxide. 

AssOs 

229.92 

.03832 ‘ 

150 


oxide. 

AsjOt 

229.92 

.0.5748 * 



Arsenious oxide. 

AsjOj 

197.92 

.03299 

1.7'®° 


Arsenious oxide. 

AsjOa 

197.92 

.04948 * 

1.7>®° 


Barium. 

Ba 

137.37 

.068685 



carbonate. 

BaCO, 

197.37 

.098685 

.0022*®° 

M. 

chloride. 

BaCl, 

208.29 

.104145 

30.9»° 


chloride. 

BaCh2H,0 

244.32 

.12216 

33.2®° 


hydroxide. 

Ba(OH), 

171.38 

.08569 



hydroxide. 

Ba(0H),8H,0 

31.5.51 

. 1.5775 

5.15'*° 


oxalate. 

BaCiOa-HjO 

243.40 

.12170 



oxide. 

BaO 

1.53.37 

.076685 

1.5®° 


sulphate. 

BaSO< 

233.43 

.11672 

.000172®° 


sulphite. 

BaSOi 

217.43 

.10872 



peroxide. 

BaO,' 

169.37 

.08469 » 

insol. 


Boric acid. 

H,BO, 

61.92 

.06192 



Bromine. 

Br 

79.92 

.07992 

4.17®° 


Cadmium carbonate. 

CdCO, 

172.405 

.08620 

insol. 


chloride. 

CdCl, 

183.32 

.09166 

140*®°. 


chloride. 

CdCl,2H,0 

219.35 1 

.109675 

168*®° 


sulphide. 

CdS 

144.46 i 

.07223 

insol. 


Calcium. 

Ca 

40.07 ■ 

.020035 



acetate. 

Ca(C.HA), 

158.14 

.07907 



bicarbonate. 

Ca(HCO,), 

162.10 ! 

.08105 



carbonate. 

CaCO, 

100.075 ! 

.0.50037 

.0013 

M. 

chloride. 

CaCl, 

110.99 I 

.0.55495 

59.5®° 


chloride. 

CaCWHjO 

219.09 1 

.109543 

117.4®° 


fluoride. 

CaF, • 

78.07 1 

.039035 



hydroxide. 

Ca(OH), 

74.09 i 

.037045 

.17®° 


oxalate. 

CaCTO* • H*0 

146.10 

.07305 




I Preeipitation reagcota. * Acids and basM. * Oxidising and reducing agents. 
M. Methyl orange. P. Phenolphtbalein. Temp. C. 

* Compiled and arranged by R, M. Meiklejofan. 






















































680 


TABLES AND U8EP0L DATA 


XVII,—USEFUL DATA OF THBoMORE IMPORTANT INORGANIC 
COMPOUNDS (Continued) 


SubtlAnoe. 

1 Formula. 

Molecular 
or Atomic 
Weight. 

Normal 

Coeflicient 

1 1 c.o. 

SoIubUity 
in 100 Qnis. 
Wnter. 

Indi¬ 

cator. 

Calciura oxide. 

CaO 

66.07 

.028036 

.13“® 


sulphate. 

CaSOi 

136.13 

.06807 

.179“® 


' sulphide. 

CaS 

72.13 

.03607 

.15'»" 


Carbon. 

C 

12.006 

.008001 

insol. 


dioxide. 

CO, 

44.006 

.022003' 

179.67 cc.«° 


dioxide. 

CO, 

44.006 

i .044006« 

( 4 

p. 

Chlorine. 

Cl 

36.46 

.03646 

150 cc.«® 


Chromic anhydride.. 

CrO, 

100.00 

.(»3333‘ 

163.40»° 


oxide. 

CtjO* 

162.00 

.026333» 

insol. 


Citric acid. 

H,C,HK)7 

192.09 

.06403 

133. 


^tolt. 

Co 

68.97 

.029486 



Copper. 

Cu 

63.67 

.031786 



’ oxide. 

CuO 

79.67 

.07957 



' sulphate. 

CuSO, 

159.63 

.16963 

20»° 


sulphate. 

CuSO,5Hrf) 

249.71 

.24971 

31.61»® 


sulphide. 

CuS 

95.63 

.047816 

.000033 


CyanoKen. 

CN 

26.013 

.026013 



Ferric oxide. 

; FeaOj 

169.68 

.07984 ‘ 



phosphate. 

FcP04-4HA) 

222.94 

.07431 



Ferrous oxide. 

FeO 

71.84 

.07184 » 

insol. 


sulphate. 

FeSO, 

161.90 

.15190 • 



sulphate. 

FeSO,7Hrf) 

278.01 

.27801 » 

32.8«° 


ammon’m sulphate. 

FeS04(NH.),S046H^> 

392.14 

.39214 

18»° 


Formic acid. 

HCOOH 

46.02 

.04602 



Hydrobromio acid... 

HBr 

80.93 

.08093 

221.2»° 


Hydrochloric acid... 

HCl 

36.47 

.03647 

82.5‘«° 


Hydrocyanic acid..., 

HCN 

27.02 

.02702 



Hydrofluoric acid.... 

HF 

20.01 

.02001 

264 


Hydrofluosilicic acid. 

H,8iF. 

144.32 

.02405 « 



Hydroiodic acid. 

HI 

127.93 

.12793 



HydroRen peroxide... 

HA 

34.016 

.017008 



Hydroxen sulphide... 

H,S 

34.076 

.o\7m 

437 cc.»° 


Iodine. 

I 

126.92 

.12692 

.0182"° 


Iron. 

Fe 

55.84 

.06584 



Lead. 

Pb 

207.20 

.10360 



carbonate. 

PbCO, 

267.205 

.13360 

.00198 

M. 

chromate. 

PbCr 04 

323.20 

.16160 

.00002>*° 


oxide. 

PbO 

223.20 

.11160 



peroxide. 

PbO, 

239.20 

.11960 



sulphate. 

PbS04 

303.26 

.15163 



sulphide,. 

PbS 

239.26 

.11963 

.0001 


sulphite. 

PbSO, 

287.26 

.14363 ' 



Magnesium. 

Mg 

24.32 

.01216 



carbonate. 

MgCO, 

84.32 

.04216 

.0106 


chloride. 

MgCh 

95.24 

.04762 

62.2«° 

M. 

chloride. 

MgCl,6HA) 

m.34 

.10167 

167 

M. 

oxide. 

MgO 

40.32 

.02016 

.00062 

M. 

sulphate. 

MgS04 

120.38 

.06019 

26.9«° 

M. 

sulphate. 

MgS047H,0 

246.49 

.123245 

76.9«® 

M. 

Malic acid. 

H,C 4 H 40 , 

134.07 

.06703 



Manninese. 

Mn 

51.93 

.027465 



chloride. 

MnCl, 

126.86 

.062925 

62.16“® 


peroxide. 

MnO, 

86.93 

1 

.043465 

insol. 



I FneiplUtlon ratgcnta. ' Aokb uui bun. > Oxidiiint and nducing aienta. 
M, Mailijrl orania, P< Fbaaalphthalcin.’' Tamp. C. 
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XVII.—USEFUL DATA OF THE HORE IMPORTANT INORGANIC 
COMPOUNDS (Continued) 


Substancfl. 

Formula. 

Molecular 
or Atomic 
Weight. 

Normal 

Coefficient 

1 c.c. «>gm. 

Solubility 
in 100 Gma. 
Water. 

Indi¬ 

cator. 

ManKanese sulphate. 

MnS04 

150.99 

.075495 

63.2** 


Mercuric chloride.... 

HgCU 

271.52 

.13576 

5.73*° 


Mercurous chloride.. 

HgCl 

236.00 

.23606 • 



Mercury. 

Hg 

200.6 

.2006 



Nickel. 

Ni 

58 68 

.02934 



Nitric acid. 

HNO, 

63.02 

.06302 « 



Nitric acid. 

HNO, 

63.02 

.021006> 



Nitrogen trioxide.... 

NaO, 

76.02 

.019005« 



pentoxide. 

NaO, 

108.02 

.05401 » 



pentoxido. 

NaO. 

108.02 

.018033* 



Nitrous acid. 

HNO, 

47.02 

.04702 



Ntirogen. 

N 

14.008 

.01401 



Oxalic acid. 

HaCaO. 

90.03 

.04501 



Oxalic acid. 

HaCa0,2H,0 

126.06 

.06303 

4.9"° 


Phosphoric acid. 

HaPO. 

98.06 

.09806 * 

V. sol. 

M. 

Phosphoric acid. 

HaPO. 

98.06 

.04903 » 

V. sol. 0 

P. 

Phosphoric acid. 

HaPO. 

98.06 

.03268 

V. sol. 


Phosphorous acid 






(ortho). 

HaPO. 

82.06 

.02735 



pentoxide. 

PaO. 

142.08 

.02368 



Potassium. 

K 

39.10 

.03910 



bicarbonate.. 

KHCOa 

100.11 

.10011 

22.4"° 

M. 

bitartrate. 

KHCJLO, 

188.16 

.18816 

.37°° 

P. 

bromate. 

KBrOa 

167.02 

.16702 



biodate. 

KH(I0,), 

389.95 

.38995 * 



biodate. 

KH(IOa), 

389.95 

.03249 > 



bromide. 

KBr 

119.02 

.11902 

53.48"° 


carbonate. 

KaCOa 

138.20 

.06910 

89.4»° 

M. 

carbonate. 

KaCOa 

138.20 

.06910 * 



chlorate. 

KClOa 

122.56 

.020427* 

3.3"° 


Potassium chloride... 

KCl 

74.56 

.07466 

28.5"° 


chromate. 

KaCrO. 

194.20 

.06473 * 

61.5"° 


cyanide. 

KCN 

65.11 

.06511 ' 

V. sol. 


dichromate. 


294.20 

.07365* 



dicbromate. 

KaCraO, 

294.20 

.14710* 

4.9"° 

P. 

dichromate. 

KaCraO, 

294.20 

.04903 > 

4.9"° 


ferrocyanide. 

KaFeiCN), 

368.32 

.36832* 



ferrocvanide. 

KaFe(CN),3H,0 

422.37 

.422.37* 

27.8**° 


fluoride. 

KF 

58.10 

.05810 



hydroxide. 

KOH 

56.11 

.05611 

107“° 


iodate. 

KIO, 

214.02 

.03587 

4.74'*’ 


iodide . 

KI 

166.02 

.16602 

126.1"° 


manganate. 

KaMnO. 

197.13 

.049283* 



nitrate. 

KNOa 

101.11 

.033703 

13.3»° 


nitrite. 

KNO, 

85.11 

.08511 

MO**.** 


oxalate. 

KaCaO.HaO 

184.23 

.09211 



oxide. 

KaO 

94.20 

.04710 

V. sol. 


perchlorate. 

Kao, 

138.56 

.01732 * 



permanganate. 

KMnO, , 

158.03 

.031606 

2.83"° 


riilphide. 

KaS 

110.26 

.06613 

sol. 


Bulphocyanate. 

KCNS 

97.17 

.09717 

177.2"° 


tartrate. 

K,C,H.O, 

226.25 

.11312 

flol. 


Silver. 

Ag 

107.88 

.10788 




* Pr*oi|dtotioi> ra«(«ntt. WAcid* and baaaa. • OxldUIng and reducing agenti. 
M. Methyl orange. P. PhenoI|d>thalein. Temp. C. 
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TABLES AND USEFUL DATA 


XVII.—USKFUL DATA OF THE||IORE IMPORTANT INORGANIC 
COMPOUNDS (Continued) 

Molecular Normal Solubility > j. 

Subatanec. Formula. or Atomic Coefficient in 100 Gma. ‘ 

Weight. 1 c.c. "gm. Water. 

Silver bromide. AgBr 187.80 .18780 

chloride. AgCl 143.34 .14334 

nitrate. AgNO, 169.89 .l(i989 122"° 

Sodium. Na 23.00 . 02800 

bromide. NaBr 102.92 .10292 79.50'’ 

bicarbonate. NallCO, 84.01 .08401 6.90“'’ M. 

carbonate. Na,CO, 106.005 . 053002 7.10° m. 

chlorate. NaClO, 106.46 . 017740 

chloride. NaCl 58.46 .0.5846 35.7o° 

cyanide. NaCN 49.01 .04M1 sol. 

hydroxide. NaOU 40.01 .04001 133.3>»° 

iodide. Nal 149.92 .14992 ‘ 158.7o° 

nitrate. NaNO, 85.01 .02834 72. 90 ° 

nitrite. NaNO. 69.01 .06901 83.3o"° 

oxalate. NajCrO. 134.01 .0(5700 3.‘22“ '° 

oxide. Na.0 62.00 .031(X) decorap. 

phosphate (raono). NaHjPO. 120.06 ’ .12(X)6 v. sol. M. 

phosphate (disod).. NaaRPO. 142.05 ’ .14205 .P.orM. 

phosphate (disod).. Na.HP 04 l 2 Hi 0 358.24’ .35824 6.3“° P.orM. 

phosphate (trisod). NajP 04 164.04 ’ .16404 . P 


phosphate. Na,P 04 l2Hs0 380.24 . 38024’ P 

sulphide. Na.S 78.06 . 03903 15.4‘“° 

sulphite. NarSO, 126.06 . 06303 

thiosulphate. NajSaOjSHrO 248.20 . 24820 74.7“° 

thiosulphate. Na,8,0,-5H,0 248.20 . 24820’ 

Stannic oxide. SnO, 150.70 .15070 

Stannous chloride.... SnCl, 189.62 . 09481 83.9»° 

chloride. SnCl,211^0 225.65 .112825 118.7“° 

oxide. SnO 134.70 . 06735 insol. 

Sulphur dioxide. SO, 64.06 . 03203 7979cc.“° 

trioxide. SO, 80.06 . 04003 

Sulphuric acid. HrSO, 98.076 . 049038 

Sulphurous acid. H,SO, 82.076 . 04104’ 

Tartaric acid. H,C 4 H 40 , 150.07 . 075035 115“° 

Tin. 8n 118.70 . 05935 

Titanium chloride.. . TlCl, 154.48 .15448’ 

Zinc. Zn 65.37 . 037685 

carbonate. ZnCO, 125.37 . 062685 . 001”° 

chloride. ZnCl, 136.29 . 068145 209“° 

oxide.. ZnO 81.37 . 040685 . 001 

sulphates. ZnSO, 161.43 .080715 43.02“° 

sulphate. ZnS 047 H ,0 287.54 .14377 115.2“° 

sulphide. ZnS 97.43 . 048715 . 00069 


> Preoipltetion reiwenta. * Acida and banee. > Oxidizing and reducing agenta. 
M. Methyl orange. P. Phenolpbthalein. Temp. C. 








































TABLES AND USEFUL DATA 
XVIII.-CONVE^|ION FACTORS * 


6 ^ 


A' 


1.7408 

2.1857 

1.3287 

1.2411 

2.1765 
1.4265 
1.5748 
1.0742 
1.2935 
1.4034 
0.2316 
0,7408 
0.7502 
0.3287 
0.3380 
1.1859 

1.1765 
1.1033 
0.6911 
1.1361 
1.2844 
0.6036 
1,5390 
0.9540 
0.5419 
1.3897 
0.4256 
0.6811 
0.4311 
0.6337 
0.8893 
1.2556 
0.5480 
0.7526 
1.1852 
0.2474 
0.2545 
0.5202 
0.8550 
0.4078 
0.3732 
0.4754 
0.4863 
0.2020 
0.6174 
0.5448 
0.5406 
0.7450 
0.6428 
0.7790 
0.7071 
0.9115 
0.6385 


Ag.... 

Ag.... 

Ag.... 

Ag.... 

Ag.... 

Ag... 

Ag... 

Ag.... 

Ag.... 

Ag.... 

Ag... 

Ag... 

Ag.... 

Ag.... 

Ag.... 

Ag... 

Ag.... 

Ag.... 

Ag.... 

Ag.... 

Ag.... 

Ag.... 

Ag.... 

Ag.... 

Ag.... 

Ag... 

AgBr. 

AgBr. 

AgBr 

AgBr. 

^Br. 

AgBr. 

AgBr. 

AgCl.. 

AgCl.. 

AgCl.. 

AgCl.. 

AgCl.. 

AgCl,. 

AgCl,. 

AgCl.. 

AgCl.. 

AgCN. 

AgCN. 

Agl... 

Agl... 

Agl... 

Agl... 

Agl... 

Agl... 

Agl... 

Agl... 

Agl... 


AgBr., 

AgBrO,. 

AgCl... 

AgCN.. 

Agl ... 

AgNO,. 

AgNO,. 

AgsO... 

AgjPO,. 

Ag4P^), 

As. 

Br. 

HBr... 

Cl. 

HCl... 
HI .... 

I. 

KBr ... 
KCl .. 
KCIO,. 
KCIO,. 
KCN.. 
KI .... 
NaBr.. 
NaCl.. 
Nal... 

Br. 

BrO,... 
HBr... 
KBr ... 
KBiO,. 
AgBrOi. 
NaBr.. 


Ag. 

^NOi. 

Hci. 

KCl... 

KCIO,. 

NaCl.. 

NH,C1. 

ZnCl,.. 

KCN.. 

HCN.. 

NH 4 I.. 

HI.... 

I. 

10 ,.... 

1 , 0 ,.... 

1 , 0 ,... 

KI. 

KIO,.. 
Nal.... 


B' 

A' 

A 

B 

B' 


0.3055 

AgNO,. 

HNO,. 

8.9720 

0.4575 

0.2470 

AgNO,. 

NiO,. 

4.0487 


0,3709 

AgNO,. 

HNO^ . 

2.6050 

0.8057 

0.3441 

AgNO,. 

NaCl. 

2.9061 

0.4595 

0.7970 

aTci,. 

Cl. 

1.2647 

0.7010 

1.1023 

Aid,. 

H,SO,. 

0.9072 

0.6350 

1.3925 

AIF,. 

CaF,. 

0.7182 

0,9310 

0,5303 

A1,0,. 

A1. 

1.8866 


2.6121 

AlxOa. ...... 

AlCl,. 

0 3828 

IwiM*! 

2.2336 

A1,0,. 

A1,P,0,. 

0.4477 

4.3175 

2.3902 

A1,0,. 

AI,P,0.. 

0.4184 

mm 

3.3501 

A! A. 

Al,(SO.),.... 

0.2985' 

1.3330 

6.5232 

AIA. 

Al,(SO.), 


ESMl 



•18H,0 

0.1533 

2.9582 

2.1088 

AlA. 

FeO. 

0.4742 


1.5625 

AlA. 

FetOi. 

0.6400 


2.8792 

AlA. 

H,S 04 . 

0.3473 



Al,0,. 

K,A1.(S04). 


1.4469 

9 2859 


■24H,0 

0.1077 

0.8802 

1,6067 

A1,0,. 

NaiAlA.... 

0.6224 

0.7786 

8.8738 

A1,0, . 

fNH 4 ),Al, 


1.6568 



( 804)4 ■24H.0 

0.1127 

0,6498 

1 8804 

A1,0,. 

(SO,), . 

0 5318 

1.0482 

2.3501 

A1,0 . 

(SO,), . 

0.4255 


0.2219 

AlPO,. 

A1 . 

4.5070 

IM 

0.4185 

AlPO. . 

AlA. 

2.3902 

1 ii 

0.5816 

AIPO 4 . 

PA. 

1.7108 

: lii 

0.6224 

A1,PA. 

PA. 

1.6067 


0.5816 

A1,P,0,. 

P,0,. 

1.7108 


2.0453 

Al,(SO,),... . 

BaSO, . 

0.4881 


0.8594 

Al,(SO,),. ,.. 

H,804 . 

1.1686 

! m 

1.4723 

AI,(SO, ),.... 

NaHCO,.... 

0.6702 


0.7015 

AUfSO,),. ... 

SO, . 

1.4255 


0 7506 

A1,C, . 

A1 . 

1.3322 


1.4154 

AUCi . 

AW), . 

0.7065 












4,3175 

As . 

Ag . 

0.2316 

1.9225 


As . 

AsO, . 


1 16Q/) 

i1 



0.5804 

2.4519 


As . 

Aa.d, . 

0.7575 

2.6793 

1.5336 

As . 

As^t . 

0.0521 


1,6417 

As. 

A 8 ,S,. 



2.0692 



0.4888 


a aRa 2 


2L.'. . 

0.2058 

iKMi 

2.5391 

As. 

MgNHtAiK), 






0.3088 


2.0715 

As. 

Mg,As/)r.. .. 

0.4827 


2.1875 

As . 


0.4571 


2.4809 

As . 

liSff-tvW 



ni=^ 

AftO, . 






•4H,0 

o.sfto 


1.5691 

AS| 0 |. . 


0.6878 

1.5661 

1.1253 

AssOa . 

Mg,PA. ... 

0.8886 


AXA'-B BXB'-A 

* Compiled by Wilfred W. Swtt and R. M. Meildejoim. See page 698. 





































































































































































































































TABLES AND USEFUL DATA 

XVIII.-C!ONVEBSION».FACTORS (Continued) 


A' 

A 

B 

B' 

1.1616 



0.8609 

1.2485 

Aa,0,. 

AssSi. 

0.8042 

1.6674 



0.6380 

2.6652 

Aa,Oi. 

41... ...... 

0.3898 

1.8493 

AaA. 

As,S,. 

0.7411 

1.3607 

AsiO,. 

MfbAOTr.... 

0.7403 

1.6556 

Aarf),. 

MkNH,A80, 


1.4264 

AflsOf. 

•iH,0 
NaH,A804... 

0.6040 

0.7011 

1.6177 

AbjO,. 

NajHAsO,... 

0.6182 

2.2081 

AaOi. 

41. 

0.4529 

• ■ ....... 

1.6864 

Au.. 

AuCl,. 

0.6496 

2.0898 

Au... 

HAuCU 



4H,0 

0.4785 

1.8172 

Au... 

KAu(CN)4 




•H,0 

0.5503 

8.2018 

bT. . 

BA. 

0.3123 

11AS66 

B. 

KBF,. 

0.0865 

1.2292 

BiO.. 

BO,. 

0.8135 

1.6877 

B.O,. 

BO,. 

0.5925 

1.1146 

B.O,. 

BA. 

0.8972 

1.7743 

BA. 

H,BO,. 

0.5636 

8.6108 

BtO,. 

KBF,. 

0.2770 

2.7347 

BtO,. 

Na,B,0, 




■10H.O 

0.3657 

0.4916 

KBF,. 

H.BO,. 

2.0347 

0.7575 

KBF,. 

Na^BiOr 

1.8594 

1.8444 


10H,O 

1.8202 

Ba. 

Ba. 

BaCOiHiUt)] 
BaCr 04 . 

0.6378 

0.542Q 

1.6993 

Ba. 

BaSO,. 

0.5885 

1.4368 

Ba. 

BaCO,...... 

0.6960 

1.8162 

Ba. 

BaS,0,. 

0.5506 

0.7002 

Ba. 

S, . 

1.4283 

1.0712 

0.9335 

Ba. 

S 4 . . . .. 

1.1207 

BaCI, . 

BaSO.. 

0.8923 

0.4709 

Bad,. 

HOT.. 

2.1238 

1.^7 

0.7770 

BaCO,. 

BadO,. 

0.7790 

BaCO,. 

BaO. 

1.2869 

0.0608 

BaCO.. 

C. 

16.4411 

0.2229 


CO,. 

4.4853 

0.1223 

8.1606 

C(fa&Cb,) 

HOT, 

0.5420 

BaCiOi..... 

Ba. 

1.8444 

0.6063 

BaCrO,. 

BaO. 

1.6520 

1.0854 

4.8725 

2.6337 

3.3338 

0.9213 

BaCrO,. 

BaSO,. 

0.2052 

BaCiO,. 

Cr. 

0.8647 


CA. 

0.8000 

l.fl38 

BaCrO,. 

CrA. 

BaCrO,. 

Cr,(SO,). 



■18H/> 

0.7073 

4.M66 

BaCrO,. 

KAO,. 

1.3046 

0.5807 

0.5728 

BaOiO«* • • •» 
Ba(OB^.... 

KA»0,. 

HOT,. 

1.7224 

1.7473 



B' 


0.8111 

0.4912 

0.7448 

0.6271 

0.5484 

0.4076 

0.4292 

0.6160 

0.3729 

0.2156 

0.8108 

1.2833 

1.3777 

1.4725 

0.6318 

1.0736 

1.1475 

0.4889 

0.5885 

0.8923 

1.0466 

0.8465 

1.0854 

1.1197 

0.6671 

0.7256 

0.8599 

0.7258 

1.0688 

0.6147 

0.5832 

0.3766 

0.1457 

0.3517 

0.4202 

10.7465 

1.0164 

10.6834 

0.1727 

1.0560 

6469 

0.4541 

0.4468 

10.2656 

0.3344 

0.5401 

0.3387 

>0.6086 

1.3804 

0.5661 

1.2991 

0.1373 

0.2744 


BsOi.. 
BaSiFt 
BaSiFi 
BaSiFi 
BaSiF. 
BaSiFi 
BaSiFi. 
BaSiF. 
BaSiF.. 
BaSiF.. 
BaS... 
BaS... 
BaS... 
BaS... 
BaSO.. 
BaSOt. 
BaSOi. 
BaSO.. 
BaSO.. 
BaSO., 
BaSO.. 
BaSO.. 
BaSO.. 
BaSO.. 
BaSO.. 
Ba^.. 
BaSO.. 
BaSO.. 
BaSO.. 
Ba^.. 
BaSO.. 
BaSO.. 
BaSO.. 
BaSO.. 
BaSO.. 
BaSO.. 
BaSO.. 

BaSO.. 

BaSO.. 

BaSO.. 

BaSO.. 

BaSO.. 

;BaSO.. 

BaSO.. 

BaSO.. 

BaSO.. 

BaSO.. 

BaSO.. 

BaSO.. 

BaSO.. 

BaSO.. 

BaSO.. 

BaSO.. 


Ba. 

BaCl,. 

BaFi. 

BaO. 

F. 

HF. 

HOT,. 

SiF.. 

SiO,. 

Ba. 

BaSO,. 

BaSO.. 

BaS,0,. 

Ba. 

BaSO.. 

BaSiOi. 

Al,(SO.),.... 

Ba. 

BaCl,. 

BaCl,-2H.O 

BaCO,. 

BaCrO.. 

Ba(NO,),.... 

BaO. 

BaOj. 

Ba,(PO.),.... 

BaS. 

BaSiO,. 

Ca^s. 

CaSO.. 

FeS. 

H,S. 

HOT,. 

HOT.. 

KOT.. 

K,Al.(SO.^ 

KHSO.....’. 

MgO. 

MgS0.-7H,O 

MnSO.. 

NaiCO,. 

NaHSO,. 

NaiO. 

Na,S.. 

Na4S0i . I 

NaAO,..../ 

NaOT... 

NaOT. i I 
•10H,4i 
|^)OT..“ 

S....‘.'. 

SO,. 


1.2329 
2.0369 
1.3427 
1.5948 
1.8235 
2.4533 
2.3297 
1.9379 
2.6814 
4.6380 
1.2334 
0,7792 
0.7258 
0.6791 
1.6828 
0.9315 
0.8715 
2.0453 
1.6993 
1.1207 
0.9554 
1.1827 
0.9213 
0.8931 
1.6219 
1.3782 
1.1629 
1.3778 
0.9356 
1.9429 
1.7147 
2.6554 
6.8503 
2.8441 
2.3801 
1.3395 

0.9839 

1.7141 

5.7894 

0.9469 

1.5458 

2.2022 

2.2432 

3.7651 

2.9904 

1.8515 

2.9524 

1.6481 

0.7ii4 

1.7665 

0.7697 

7.2812 

3.6439 


BXB'-A» 


AXA'-B 
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0.3430 BaSO*. SO.. 2.9155 

0.4115 BaSO,. SO.. 2.4301 

0.4174 BaSO.. ZnS. 2.3957 

1.2318 BaSO.. ZnSO,-7H,0 0.8118 


Seed. Be. 


Bi. BiAsO.... 

Bi. BiaO..... 

BiAaO.. Bi. 

BiOCl. Bi. 

BiOCl. Bi(NO,), 

■51 

BiOCl. BiaO.. 

BiOCl. BiONO... 

Birf).. Bi. 

BiaO.. BiAsO.... 

BiaO.. BiONO... 

BiaO.. Bi(NO.). 

•51 

BiaO.. BiaSO.. . . 

BiaS.. Bi. 

BiaS,. BiaO...., 





Ca. 

Ca.(A804)a ... 
Ca(CH.COa), 
Ca(CH.COa). 
Ca(CH.CO.), 

CaCla. 

CaCl,. 

CaCla. 

CaCla. 

CaCO... 


CaCla. 

CaO. 

Cla. 

CaSO.. 

MgaAsaOj. .. 

CaO. 

CHaCOall . .. 

HaSO.. 

CaCO.. 

CaO. 

CaSO,. 

Cl,. 

Ca. 

CaCl,. 

Ca(HCO,)a. . 

CaO. 

CO,. 

CaSO.. 

CaSO.-2HaO. 
KaCO,...... 

NaaCOt. 

HCl....'.... 
AIF,. 



0,5133 
0.7182 
11,7438 
0.4867 
0;5126 
1,8485 
1.0760 
10,34.59 
0.5429 
0.4119 
0.9338 
0.5219 
0.7175 
0.6067 
1.0833 
0.2594 
0.7773 
0.6573 
0,2773 
0.6336 
0.6582 
0.7146 
2.8204 
1.9795 
1.7847 
1.3924 
2.8908 
4.1766 
3.8.553 
3.6063 
1.8446 
2.1427 

2.4280 
3.0707 
2.1417 
0.7848 
1.7494 
2.08.52 
1.8905 
2,5336 
0,5718 

1.4280 
0.5421 
0.7178 
12.0994 

0.4579 I 
3.2362 I 
1.9429 
0.4667 
1.7147 I 

0.8153 

0.5735 

0.4119 


Ca(HCO,)a 

Ca(HCOa)a 

CaHPO.... 

CaHPO,... 

CaHPO.... 

Ca(HaPO.)a 

Ca(H.PO.). 

CaHaPaOa. 

CaHaPaOa. 

CaHaPaO,* 

CaHaPaOa. 

Ca(HSO,),. 

Ca(HSO,),. 

Ca(NO,),.. 

CaO. 

CaO. 

CaO. 

CaO. 



CO,. 

CaO. 

CaaPaOa. 

PaO.. 

NaHCO,.... 

PaO.. 

Ca(H,PO,)a.. 

CaO. 

NaHCO,.... 

PaO.. 

CaO.r:. 

SO,. 

NaO.. 

Ca. 

Ca(CH,CO,), 

CaCla. 

CaCO,. 

CaF,. 

Ca(HCO,),. . 
Ca(H,K).),.. 
CaHaPaO,... 
Ca(HSO,),... 

Ca,PaO,. 

CaSO,. 

CaSO.. 

CaSO,-2H,0 
CH,CO,H... 

CO,. 

HaSO.. 

NaCl. 

NaaCO,. 

NaaSO.. 

S. 

SO,. 

CaO. 

K '^Ot. 

,PO.- 

12MoO, 

PA. 

BaSO,. 

BaSO,. 

CaO. 

BaSO,. 




AXA'-B- BXB'-A 

• PhanolplitlialciB badioator. 


B' 


1.9483 
1.3924 
0.5735 
2.0545 
1.9508 
0.5410 
0.9294 
2.8008 
1.8419 
2.4276 
1,0709 
1.9161 
1 3938 
1 6483 
0 9231 
3.8553 
1 2866 
1.5214 
3.6063 
1.5783 
1.5192 
1.3993 
0.3546 
0.5052 
0.5603 
0.7182 
0.3459 
0.2394 
0.2694 
0.2773 
0.5421 
0.4667 
0.4119 
0.3257 
0 4670 
1.2743 
0,5716 
0.4796 
0.5229 
0.3947 
1.7489 
0.7003 
1.8446 






























































































































































TABLES AND USEFUL DATA 

XVIII.-CONVERSION FACTORS (Continued) 


—•- 


. 


, A' 

A 

B 

B' 

0.2791 

CaS04. 

P. 

3.6824 

0.2930 

CaSO,. 

HF. 

3.4021 

0.720S 

CaSO,. 

H.SO,. 

1.3880 

0.S881 

CaSOi. 

SO.. 

1.7003 

0.8237 

CaS 04 - 2 H ,0 

CaO. 

3.0707 

0.8088 

CaW 04 . 

WO......... 

1.2364 

1.4296 

Cb. 

Cb .04 . 

0.6995 

r.6810 

Cd. 

Cda,. 

0.6131 

2.1083 

1.1423 

Cd. 

Cd. 

CdfNO.).,... 
CdO. 

0.4754 

0.8754 

1.2853 

Cd. 

CdS. 

0.7780 

1.8547 

Cd. 

CdSO.. 

0.5392 

0.2853 

Cd. 

8. 

3.5059 

0.7004 

1.4277 

CdO. 

CdCl.. 

1.1251 

CdO. 

CdS. 

0.8888 

1.6235 

CdO. 

CdSO,. 

0.6159 

1.2690 

CdS. 

CdCl,. 

0.7880 

1.6366 

CdS. 

Cd(NO,)..... 

0.6110 

1.4430 

CdS. 

CdSO,. 

0.6930 

0.2359 

CdS. 

H.S. 

4.2393 

0.2220 

CdS. 

S. 

4.5059 

2.1840 

Ce. 

Cea(C^4)8 




3H,0 

0.4686 

2.7686 

Ce. 

CefNO,),..., 

0.3612 

4.0886 

Ce. 

Ce(NO,). 




(NH,NO,), 




•H.0 

0.2476 

1.1711 

Ce. 

Ce.0,. 

0.8539 

1.2282 

Ce. 

C6^.. . 

0.8142 

8.0648 

Ce. 

CeCSO,),.... 

0.3274 

2.2542 

CeOi. 

C^O,),.... 

0.4436 

1.0487 

Ce^i. 

0.9536 

0.4230 

2.3640 

O^Oi. 

Ce(NO,),.... 

0.8753 

CH,aCO,H. 

a. 

2.6645 

0.5446 

CHiCHOH 




CO,B 

HtSO,. 

1.8366 

1.3169 

1.8668 

CEWKltH... 
CIWX),H.,. 

Ca(CH,CO,), 
CaCOiNa.. 

0.7594 

0.7319 

0.8499 

0.8167 

CHfeOiH... 

ch,c5,h... 

CHiOOiH... 

g3H,CO).0.. 

1.1766 

1.2244 

0.8828 

Na,c6,. 

1.1327 

0.8164 

CH.CO.H... 

Na.0. 

1.9368 

1.7266 

CIWX).H... 

Pb. 

0.5796 

0.6970 

CH,CO,Na.. 

H.SO 4 . 

1.6729 

0.8779 

CH/X),Na.. 

Na.0. 

2.6463 

0.8660 

CH.CO.Na.. 

Na.80,. 

1.1547 

0.9609 

1.0807 

(CH.CO),0.. 
C.HA. 

HiSO,. 

HiSO,. 

1.0407 

0.9177 

0.7782 

C,HA2H.O 

H.SO 4 . 

1.2851 

0.6537 

C 4 H.O,. 

H.SO,. 

1.5298 

1.1197 

C.HA. 

NaHCO,.... 

0.8931 


n 

A 

B 

B' 

0.2607 

CJH 4 O.HK... 

H,SO,. 

3.8370 

3.0423 

Cl. 

Aff.. *.. 

0.3287 

0.2474 

4.0423 

Cl. 

AgCl. 

4.7910 

Cl. 

AgNO,. 

0.2088 

0.7970 

0.2799 

0.3753 

1.2547 

Cl. 

aEu . 

3.5726 

Cl. 


2.6645 

Cl. 

CHACOJH. 

0.5653 

Cli. 

Ca. 

1.7690 

0.6390 

0.2107 

1.8663 

0.9724 

1.6650 

Cl,. 

CaCl,. 

4.7454 

Cl. 

CaCL. 

0.5358 

Cl. 

P. 

1.0284 

Cl. 

HCl. 

1.3831 

Cl. 

H,SO,. 

0.7230 

0.2794 

3.6792 

Cl. 

I....'.. 

1.1027 

Cl. 

K. 

0.9069 

2.1027 

Cl. 

KCl. 

0.4766 

3.4663 

Cl. 

KCIO,. 

0.2893 

0.2559 

3.9075 

Cl. 

KCIO,. 

0.1957 

Cl. 

Li. 

5.1095 

0.3429 

Cl. 

Mg. 

2.9162 

1.3429 

Cl. 

MgCl,. 

0.7447 

0.3488 

2.8672 

Cl. 

MgCl,-6Hrf). 

0.5685 

Cl. 

MgO in 

MgCl, 

1.7590 

1.2257 

Cl. 

MnO,. 

0.8158 

1.5417 

0.6066 

0.6486 

Cl. 

Na. 

1.6486 

Cl. 

NaCl. 

3.0023 

Cl. 

NaClO,. 

0.3331 

3.4535 

Cl. 

NaClO,. 

0.2896 

0.5088 

Cl. 

NH,. 

1.9656 

1.5088 

Cl. 

NH,C1. 

0.6628 

0.2256 

Cl. 

0. 

4.4325 

2.4098 

Cl. 

Rb. 

0.4150 

3.4098 

Cl. 

RbCl. 

0.2933 

0.8368 

Cl. 

Snin SnCU.. 

1.1949 

1.8369 

Cl. 

SnCl,. 

0.5444 

3.9216 

Cl. 

PbCI,. 

0.2550 

4.5572 

Cl. 

PbCrO,. 

0.2194 

2.6737 

1.9217 

Cl. 

SnCl,. 

0.3740 

0.5204 

Cl. 

ZnCl,. 

0.8934 

CIO,. 

KCl. 

1.1194 

1.7175 

CIO,. 

AgCl. 

0.5823 

0.7005 

cioi. 

Naa. 

1.4276 

1.4412 

CIO,. 

AgCl. 

0.6939 

0.7496 

CIO,. 

KCl. 

1.3339 

0.5878 

CIO,. 

NaCl. 

1.7013 

4.1472 

CN. 

Ag. 

0.2411 

5.1472 

CN. 

^N. 

0.1943 

2.8577 

CN8. 

AgCNS. 

(C^N),S. 

Co(NOd.- 

6H«0 

0.3499 

0.7240 

€NS. 

1.3818 

4.9361 

Co. 

0.2026 

7.6706 

Co. 

■iKaSSS 

0.1304 


AXA'-B 


BXB'-A 




































































































































































TABLES AND USEFUL DATA 


XVIII.-CONVERSION FACTORS (Continued) 







Co. CoO. 

Co. C01C4. 

Co. CoSO,. 

Co. CoSO«- 7 H ,0 

CoO. C01O4. 

CoO. Co(NOi), 

(KNOOi 

CoO. CoSOi. 

COj. BaC 03 . 

COi. BaO. 

COi. Ba(HCO,)s.. 

CO,. C. 

CO,. CaCO,. 

CO,. Ca(HCO,),.. 

CO,. CaO. 

CO,. CO. 

CO,. CdCO,. 

CO,. CO,. 

CO,. CsjCO,. 


CO,. Fe(HCO,),... 

CO,. IW,. 

CO,. K,CO,. 

CO,. K,0. 

CO,. Lim. 

CO,. LiHCO,. 

CO,. Li,0. 

CO,. MgCO,. 

CO,. Mg(HCO,),.. 

CO,. MgO. 

CO,. MnCO.. 

CO,. MnfHCO,),.. 

CO,. MnO. 

CO,.Na,CO.. 

CO,. NaHCO,.... 

CO,. Na,S04. 

CO,. Na,0. 

CO,. (NH4),C0,... 

CO,. PbCO,. 

CO,. Rb,CO,. 

CO,. RbHCO,.... 

CO,. RIhO. 

CO,. SrCO,. 

CO,. Sr{HCO,),... 

CO,. SiO. 

CO,. ZnCO,. 


BaCiO,. 0. 

Cr,0,. 0. 

PbCrO,. 0. 

K,Cr04...... 0. 

K,Cr/),. 0. 

BaCiO,. 0. 

CfO,. 0. 




AXA'-B 


AXA'-A 
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TABLES AND USEFUL DATA 

XVIII.-CONVERSION FACTORS (Continued) 


A' 

A 

B 

B' 

A' 

A 

B 

B' 

2.7020 

Fe. 

FePO.. 


0.6938 


Ge 

\ 4414 

1.6743 

Fe. 

FeS. 


0.2739 

K-niir. 


3.6510 

2.1483 

Fe. 

FeS, 


.. . 

2.7206 

Fe. 

FeS 04 . 


0.3626 

GIO. 

GI... 

2 7582 

4.0789 

Fe. 

FeS 04 - 7 H, 0 . 

1 

3.1881 

GIO 

OICI. 

0 3137 

3.6807 

Fe. 

Fe,(S 04 ),.. . 


7.0607 

Gin 

G1804-4H,0. 

0 1416 

7.0226 

Fe. 

FfSn 4 (MH,), 




SOjOHjO 

0.1424 

8.9363 

H. 

H,0. 

0.1119 

0.6643 

Fe(titr. 



0.5636 

H,BO,. 

B.O,. 

1.7743 


equiv.).... 

UNO,. 

1.7721 

1.3330 

HBr. 

Aa: 

n 7 /in 2 

0.7820 

Fe. . 

NasCr,^),.... 

1 2788 

2.3206 

HBr 


n 4309 

0.3798 

FeCO,. 

CO.. 

2.6327 

3.9305 

HCl 

AgCl 

0 2 M4 

0.4048 

Fe(HCO.),... 

CO,. 

2.0220 

1.3720 

HCl. 

CaCO, 

n 72«ft 

0.4742 

FeO. 

Al/),. 

2.1088 

0.9724 

IICI. 

Cl . 

1 0284 

1.6126 

FeO. 

FeCO,. 

0.0202 

1.2893 

HCl.... 

HNO, 

n 77*w^ 

2.4757 

FeO. 

Fe(HCO,),... 

0.4039 

1.7280 

HCl. 

HNO,. 

0,5787 

1.1114 

FeO. 

FejC)!. 

0.8998 

1.1255 

HCl. 

Iim. 

0 8885 

2.1002 

PoO. 

F 0 PO 4 . 

0,4761 

1.3448 

HCl. 

H,S04. 

0.7436 

1.2237 

FeO. 

FeS. 

0.8172 

2 0445 

HCl 

KCI 

0 4^^t 

1.6698 

FeO. 

FeS,. 

0,5989 

1.2915 

HCl. 

K,0. 

0^7743 

2.1146 

FeO. 

FeSO,. 

0.4729 

1.6030 

HCl. 

NaCl. 

0.6239 

3.8700 

FeO. 

FeS04-7H,0. 

0.2584 

1.4533 

HCl. 

Na,CO,. 

0,6881 

1.3653 

FeO. 

H,SO,. 

0.7324 

1.4669 

HCl. 

NH 4 CI. 

0,6817 

1.1146 

FeO. 

SO,. 

0.8972 

1.7861 

HCl. 

SnCi,. 

0.5599 

0.6400 

Fe,0». 

Al,0,. 

1.5625 

2,8089 

HCN8. 

AgCNS. 

0.3560 

2.0818 

FeiO». 

FeCl,. 

0.4922 

2.0.589 

HCNS. 

CuCNS. 

0.4857 

1.4509 

PojOi. 

FeCO,. 

0.6892 

3.9510 

HCNS. 

BaSO,. 

0.2531 

2 2277 



0 4489 





0.0666 

FcjO,. 

Fe,04. 

i'osie 

1.0658 

HCOjH. 

H,S 04 . 

0.9383 

1.8898 


FePO. 

n 





1.1011 

FejO,. 

FeS. 

0.9082 

2.3297 

HF. 

BaSiF,. 

0.4292 

1.6028 

FejOl. 

FeS,. 

0,68.55 


HF. 

CaF,. 

0.5126 

1.9027 

FeiOi. 

FeSO,. 

0.52.56 

kIeIiUb 

HF. 

CaSO,. 

0.2939 

3.4822 

. 

FeSO.-7H,0. 

0.2872 


HF. 

F. 

1.0531 

4.9118 

FeiOi. 

FeSO,(NH,). 



HF. 

H,S 04 . 

0.4080 



S04-6H,0 

0.2036 


HF. 

K,SiF,. 

0.5444 

2.6041 

FcsjOi....... 

Fe,(S 04 ),.... 

0.3993 


HF(2HF). . . 

H,SiF.. 

0.2773 

1.8428 

Fe»Oi. 

H,S04. 

0 .*5427 


HP(6HF). . . 


0.8318 

1.6041 

Pe,Oi. 

SO. 

0 


0.4708 

Fe'PO,. 

p,o.. 

2 ! 1239 

1.1768 

Hr. 

HgCl. 

0.8498 

2.6664 

FeS. 

BaSO,. 

0.3766 

1.3536 

Hr. 

HgCl,. 

0.7388 

0.3877 

FeS. 

H,8. 

2.5795 

1.0798 

Hr 

HgO 

0 0261 

1.1166 

FeS.... 

ILSO.. 

0 8963 

1.1599 

Hr. 

HgS. 

0.8622 

0.3648 

FeS. 

S. 

2.7417 

1.1125 

HgCl. 

HgNO,. 

0.8989 

0.6664 

FeSt. 

Fe,0,. 

1.5025 

0.9856 

HrCI 

HgS 

1 0146 

0.6346 

FeS,. 

S. 

1.8709 

0.4017 

HrCI. 

Sna,. 

2.4898 

0.6467 

FeSO,. 

H,S04. 

1.5487 

0.5519 

HgCl. 

SnCl, 

1 6121 

0.6271 

FeSO,. 

so,. 

1.8973 

0.8694 

HgCl,. 

HgCl. 

1.1502 

0.3628 

FeS 04 - 7 H, 0 . 

H,S04. 

2.8345 

0.8569 

HgCl.. 

HgS. 


0.7368 

Fei(S04)^.... 

H,SO,. 

1.3590 

1.0898 

HgO. 

HgCl. 

niTRi 

0.1114 

FeSO.iNH,), 



1.1316 

Hg,0. 

HgCl. 



S04-6H,0 

NaiCr,0,.... 

8.9802 

1.0860 

HgS. 

Hg(CN)..... 

Kl 

'b.7460 

GfttO,. 

Ga. 

1.3424 

1.3962 

HgS. 

ngiNUi. 

HgCNO,),.... 

0.7167 

0.5031 

. 

Ga. 

1.6860 

0.8966 

HffS 


1.1153 








AXA'-B 


BXB'-A 











































































































































































































TABLES AND USEFUL DATA 

XVIIl.—CONVEBSION FACTORS (Continued) 


* 689 


0.0310 

1.2751 


HgS. 

HgS. 


0.8433 

1.8354 

0.4170 

1.4092 

2.5868 

3.2729 

0.7756 

1.0431 

0.6382 

0.3623 

0.5627 

0.6787 

0.7782 

1.6045 

0.2223 

1.3490 

0.2702 

0.8489 

3.5232 

0.4762 

0.6032 

0.7301 

0.8571 

1.5488 

0.8163 

0.9081 

1.0002 

1.1356 

0.3165 

0.7244 

0.3767 


HI. 

HI. 

HI. 

HI. 

HI. 


2.4074 

1.3495 
6.8506 
4.2393 
2.5796 
2.8782 
0.9408 
1.8799 

2.3495 


0.6129 


1.9379 

0.5410 

0.7899 

0.2773 

0.8318 


HNO,.. 

HNO,.. 

HNO,.. 

HNO,.. 

HNO,.. 

HNO,.. 

HNO,.. 

HNO,.. 

HNO,.. 

HNO,. 

HNO,. 

HNO,. 

HNO,. 

HNO,. 

HNO,. 

HNO,. 

HNO,. 

HNO,. 

HNO,. 


H,P04.. 

H,P04. . 

H,P04. . 

H,P04. 

H,P04. 

H,P04.. 

H,PtCl. 


HgO... 

HgSO,. 


Ag... 

Agl.. 

Pd... 

Pdl,. 

TU.. 


6H,0 


H,S.. 

H,S. 

H,S. 

H,S. 

H,S. 

H,S* 

H,S. 

H,S. 

H,S. 


H,SeO,. 


H,SiF,. 

H,SiF,. 

H,SiF.. 

H,SiF.. 

H,SiF.. 


AgNO,. 

HCl. 

H,S04. 

NO. 

NH,. 

Cl. 

HCl. 

H,S04. 

KNO,. 

N. 

NaNO,. 

NH,. 

NH,C1. 

(NH4)2PtCl,. 

NO. 

N,0,. 

NA. 

NA. 

Pt. 


HPO,... 
H 4 PA. 
H,S04. .. 
Mg,P.O, 

P. 

PA.... 


Pt. 


As,S,.. 
AsaO, . . 
BaSO,. 
CdS... 
FeS..., 
H,S04. 


SO,. 

SO,. 


Se. 


BaSiF,. 

CaF,... 

F. 

2HF... 
6HF... 


B' 


A' 


B 


B' 


1.0741 

0.7843 


1.1859 

0.5448 

2.3979 

0.7097 

0.3866 

0.3055 

1.2893 

0.9587 

1.5667 

2.7605 

1.7772 

1.7280 

1.2850 

0.6233 

4.4986 

0.7413 

3.7000 

1.1780 

0.2838 

2.0999 

1.6579 

1.3697 

1.1668 

0.6457 


1.2251 

1.1012 

0.9998 

0.8806 

3.1593 

1.3804 

2.6541 


0.4154 

0.7410 

0.1460 

0.2360 

0.3877 

0.3474 

1.0629 

0.5319 

0.4258 


1.6315 


2.0391 

1.5279 

0.7227 

0.9860 

0.7699 

2.8441 
0.8885 
1.1949 
0.7805 

0.9072 

0.3473 

1.1636 

1.7473 

2.3800 

0.1223 

1.6124 

0.5716 

1.3878 

1.8366 

1.2244 

1.6729 

1.0407 

0.9177 

1.2851 

1.5298 

0.7230 

0.4487 

1.6275 

0.5694 

0.7324 

0.5427 

0.8963 

1.5487 

2.8345 

1.3590 

0.9651 

0.7436 

0.9177 

0.9383 

0.4080 

0.9587 

1.2850 

0.9998 

0.3474 

0.8369 

0.4904 

2.4293 



0.5160 

1.8485 

1.2660 

3.6065 

1.2022 


3.8370 

2,0617 

0.9604 

1.1442 


HaSiF,.. 

HaSiF,.. 

HaSiF,.. 

HaSiF,. 

HaSiO,. 


H»S04. 

HaSO.. 

HaSO,. 

Ha^.. 

HaSO,. 

HaSO,. 

HaSO,. 

HaSO,. 

HaSO,. 

HaSO,. 


HaSO,... 
HaSO,... 
HaSO,... 
HaSO,... 
HaSO,... 
HaSO,... 
HaSO,... 
HaSO,... 
HaSO,... 
HaSO,... 
HaSO,... 
HaSO,... 
HaSO,... 
HaSO,... 
HaSO,... 
HaSO,... 
HaSO,... 
HaSO,... 
HaSO,... 
HaSO,... 
HaSO,.. 
HaSO,.. 
HaSO,.. 
HaSO,*. 
HaSO,*. 
HaSO,*. 
HaSO,.. 
HaSO,.. 


HaSO,. 

HaSO,. 

H,»),. 

HaSO,. 


AXA'-B BXB'-A 

• Fbenoipbthalcin indioitor. 


HaSO,.. 
KaSiF,. 
SiF,... 
SiP,. .. 
SiOa... 


0.4904 

0.6546 

1.3837 

1.0141 

1.2988 


0.8517 
1266 
0.8369 
1.2812 


AlCl,. 

AlaO,. 

Ala(SO,),. . .. 
Ba(OH)a.... 

BaSO,. 

C(in BaCO,). 
CatCHaCOa), 

CaO. 

CaSO,. 

CHaCHOH 
COaH 
CHaCOaH. .. 
CHaCOaNa.. 
(CH,COa),0. 
CaHA. 

C,HaO,-2HaO 

C,HA. 

Cla. 

COa. 

CuSO,. 

Fo. 

FeO. 

FeaO,. 

FeS. 

FeSO,. 

FeSO,-7H,0 

Fea(SO,).... 

HaAsO,. 

HCl. 

HaCaO,. 

HCOaH.... 

HF... 

HNOa. 

HNO,. 

HJK),. 

HaS. 

HaSO,. 

HaSiF,. 

KaAla(SO,), 

•24H,0 

KHCJHA. 

KNO,. 

KaO. 

KOH. 


1.1023 

2.8789 

0.8594 

0.5723 

0.4202 

8.1696 

0.6203 

1.7494 

0.7206 

0.5446 
0.8169 
0.6979 
0.9609 
1.0894 
0.7782 
0.6687 
1.3881 
2.2287 
0 6144 
1.7564 
1.3653 
1.8428 
1.1156 
0.6457 
0.3528 
0.7358 
1.0362 
1 3448 
1.0894 
1.0668 
2.4510 
1.0436 
0.7782 
1.0002 
2.8782 
1.1648 
2.0888 


0.4116 

0.2607 

0.4860 

1.0413 

0.8740 
























































































































































































890 TABLES AND USEFUL DATA 


XVUI.-CONVERSION PACTrORS (Continued) 


A' 


B 

B' 

_ 

B 

B' 

1.1241 

Hjgo, . 

KjSiP,. 

firm 


n . 

0.6222 

1 7767 

HfRO, 

iT-sn. 




0.4111 

HiSO,. 

MaO. 


1.2000 In. 


0 8271 

1.2274 

H^SOi . 

MgS04 . 

0.8147 

1.4187 In. 


0.7047 

|,]I920 

Hi80i 

bi.ni 

A Q9QA 



i!0808 

i 


5 

s 

1.1243 Ir. 

Ir^O* . 

0.8895 

\ 

wj?n. 


0 7320 



2!8711 

H,S04. 

NaXiroO, 

0A744 

3.5437 K. 

KC104 . 

0.2822 

1.7182 

HiSOit. 


0.5837 

1.2046 K. 

K,0. 

0.8302 

2.4883 

H,S04J' . 

NaH,P04 .... 

0 4085 

6.2169 K. 

KjPtCl,. 

0.1609 

2.8964 

H,804t . 

NaiHP04. ... 

0.3453 

2.2285 K. 

K,S04 . 

0.4487 

2.1222 

H,S04 . 

NaHSO...... 

0.4712 

0.0571 K,A1,(804)4 



1.7334 

H,804 . 

NaNO,. 

0.5769 

•24Hrf) 

A1. 

17.51 

0.6321 

H,804 . 

NaaO. 

1.5820 

0.1077 ditto 

A1,0,. 

9.2859 

0.8158 

H,S04 . 

NabH. 

1.2258 

0.4556 ditto 

H,0. 

2.1949 

1.1151 

H,S04 . 

Na,P04 . 

0.8968 

0.4116 ditto • 

H,S04 . 

2.4293 

0.7059 

H,S04 . 

Na,S . 

1.2564 

0.4134 ditto(total) 

H,S04(+A1 


0.0508 

H,S04 . 

NajSiF, . 

1.0418 


+K) 

2.4190 

2.5706 

H,S04 . 

NaiSO, . 

0.3890 

0.1352 ditto 

S . 

7.4004 

1.4485 

H,S04 . 

Na,S04 . 

0.6904 

0.3374 ditto 

SO, . 

2.9635 

0.8473 

H,804 . 

NH, . 

2.8792 

0.0824 ditto 

K . 

12.136 

1.0009 

H,804 . 

NH4CI . 

0.9167 

0.0993 ditto 

K,0 . 

10.075 

0.5810 

H,S04 . 

UJ.MlliJUIIl 

1.8850 

0.9758 K,A1,(S04)4. . 

NallCO,. ... 

1.0251 

0.6948 

H,S04 . 

(NH4)4S . 

1.4392 

0.7575 KBF4 . 



1.3473 

H,804 . 

fNH4),S04... 

0.7422 


lOHjO 

1.3202 

2.3268 

H1SO4 . 

(NH4)A0,. . 

0.4298 

0.9064 KBr. 

Ag. 

1.1033 

0.7780 

H^4 . 

N,Oj.....^. 

1.2903 

1.5779 KBr. 


0.6338 

0.9382 

H,S04. 

N.O.. 

1.0659 

0.6715 KBr. 


1.4892 

1.1013 

HiSOi . 


0.9080 

0.3285 KBr . 

K . 

3.0440 

0.0275 

HiSOil 



1.4469 KCl . 

Ag . 

0.6911 



P. 

36.336 

1.9225 KCl . 

AgCl . 

0..5202 

0.4820 

HjSol . 

PjO.. 

1.0709 

0.4756 KCl . 


2.1027 

0.0629 

H:S04l 



0.4891 KCl . 

HCl . 

2.0445 


(Y ppt.) 

P>0. . 

15.878 

1.6438 KCl . 

KCIO, . 

0.6084 

0.3267 

H,S04 . 

s . 

3.0590 

1.8584 KCl . 


0.6381 

0.6532 

H,S04 t . 

so, . 

1.5309 

2.5233 KCl . 

KHC4H4O,... 

0.3963 

1.8064 

H,S04* . 

so, . 

0.7655 

3.2602 KCl . 

KJ>tCl. . 

0.3069 

0.8163 

H1S04. 

so, . 

1.2250 

1.1686 KCl . 

K,S04 . 

0.8557 

1.0012 

H,S04 . 

S,0,C1, . 

0.9164 

1.3090 KCl. 

pt...'. 

0.7639 

1.1881 

H,S04. 

SO,HCl. 

0.8417 

1.1606 KCIO,. 

AgCl. 

0.8550 

0.4084 

HI804 . 

TiO,. 

2.4488 

0.2893 KClOi . 

Cl . 

3.4563 

0.6666 

HSOa . 

Zn . 

1.5004 

0.3843 KCIO, . 

K,0 . 

2.6021 

0.8206 

H,S04., . 

ZnO..; . 

1.2054 

0.3399 KCIO4 . 

K,0 . 

2.9418 

1.6450 

H.SO. . 

ZnSO. . 

0.6076 

1.6568 KCN . 

Ae . 

0.6036 




0 Afuu TrnM 



0.8800 

T.. 


1.1765 

2.2014 KCN . 


0.4543 

1.8600 

I. AffI. 

0.5405 

0.3184 K,CO, . 


3.1409 

0.2704 

1 . 

cr.......... 

3.5792 

0.8120 K,CO, . 

koh . 

1.2315 

1.0079 

I. 

HI . 

0.9921 

1.2810 K,COi . 

K,S04 . 

0.7930 

1.3081 

I. 

KI . 

0.7645 

1.3046 KiCrO, . 


0.7666 

1.6863 

I. 

KIO, . 

0.5030 

0.5149 l^rO, . 

Cto,..; . 

1 0420 

1.6504 

I. 

NalO, . 

0.6413 

1.7224 KiCnOr . 

BaCiO, . 


0.4067 

I. 

Na,SO, . 

2.0135 

0.6800 K^CrA . 

CtO, . 

1.4706 


I. 

Pd. 

2.3790 

1.1388 KiCriOj.. .. 

Fe . 

0.8782 


I. 

Pdl, . 

0.7040 

0.3200 K^CriO, . 

K,0 .. 

3.1231 








AXA'-B BXB'-A 

* Fbenolphthaleia \ Motby\ oranfe % Titratloa of yellow ppt. 
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TABLES AND USEFUL DATA 


XVIII.-CONVERSION FACTORS (Continued) 



0.4305 
0.8703 
1.7141 
0.6399 
0.7645 
0.2355 
0.4995 
0.4826 
.8981 
.4850 
.4041 
.8408 
.2968 
.5342 
.8741 
.2315 
.8394 
.7131 
.4004 
.7117 
.7529 
.4671 
.7743 
.0413 
.8302 
.5270 
.6830 
.1255 
,4671 
.9949 
.1231 
.5248 
.1913 
.1466 
.0616 
.1609 
.8500 
6582 
8500 
1609 
3068 
2844 
0.4159 
0.1038 
0.3585 
1.9621 


KHCO,. 

KHSO 4 . 

KHS 04 . 

KI. 

KI. 

KMn 04 . 

KMn04. Mn404,.. 

KMn 04 . NaMn04. 

KNO,. H,S04..,. 

KNO,. KjPtCI,.. 

KNO,. NaNO,... 

KNO,. NO. 

KNO,. N,0,. 

KOH. HjSO,.... 

KOH. K,C0,... 

KOH. K,0. 

KOH. NaOH... 

I^MnO,. Mn,0,... 

KtHAsO,.... MgaAsjO:. 
K,0. Cl. 


2.2762 

1.1490 

0.5834 

1.5628 

1.3081 

4.2460 

2,0022 

2.0721 

1.1134 

2.0617 

0.4159 

1.1894 

3.3694 

1.8721 

1.1440 

0.8120 

1.1913 

1.4024 

2.4975 

1.4050 

1.3282 

2.1409 

1.2915 

0,9604 

1.2046 

0.3957 



K,0. KHCO,. 

K,0. K,CO,. 

K,0. KHC,H40.... 

K,0. K,Cr,0,. 

K,0. KI. 

K,0. KOH. 

K,0. KNO,. 

K,0. KiCrO,. 

K,0. KjPtCl,. 

K,0. KjSO,. 

K,0. 

K,0. 

K,PtCl,. 

K,PtCI,. 

K,PtCl,. 

KjPtCl,. 

K,PtCl,. 

KJ>tCU. 

KJtCl...... K,A1,(S0,)4 

•24H,0 

KJPtCI,. K,Cr,(S 04 ), 

•24H,0 

KiPtCU. Ft. 

K,PtCl,. PtCI,. 

K,PtCU. PtCl4-6HA. 

KiSiF,. F. 

K,8iF,. HF. 

K,SiF....... H,8iF,. 


Mg. 

Mg. 

Mg. 

Mg. 

MgCl,. 

MgCl,011,0. 

MgCO,. 

Mg(HCO,),.. 

MgO. 

MgO. 

MgO. 

MgO. 

MgO. 

MgO. 

MgO. 

MgO. 

MgO. 

MgO. 

MgO. 

MgO. 

Mg,P.O,.... 



LiCl. 

Li,CO,.... 

y,o. 

LbPO,. 

Ii,^4. 

Li,0. 

CO,. 

Li,CO,. 

Li,SO,. 

LuPO,. 

Li,CO,. 

LiHCO,.... 

Li,S 04 . 

Li. 

LiCl. 

SO,. 

Cl......... 

MgO. 

Mg,P,0,... 

MgSO,. 

Cl. 

Cl. 

CO, . 

CO,. 

Ba^4. 

Cl.. . 

CO,. 

H,SO,. 

MgCl.. 

MgCO,. 

Mg(HCO.),. 
Mg,PA... 

MgSO,. 

Na,S 04 . 

S. 

SO,..;. 

Ca,(P 04 ),.,. 


AXA’-B 


BXB'-A 























































































































































































0.8806 


fePiO,. .. . 

0.2184 

IT 

giPjO,.... 

1.2784 

IT 

fcPaOr.... 

0.8552 

IT 

gjPjOj.... 

1.8260 

IT 

g,p,0,.... 

0.7572 

M 

fcPjO,.... 

1.3141 


gjPiO,.... 

0.3621 

IS 

gjP207- . . . 

1.0811 

ISj 

BiPjOt. , . . 

2.2135 


ftPiO,.... 

1.0781 

ly 

&P,Ot. ... 

1.4731 

ISi 

g.P,0,. ... 

8.2170 

M 

gJ’jOr. . . 

8.4144 

M 

gjPfOr. . . . 

1.2755 

11 

RjP, 

0,.... 

1.2758 

IT 

K>P, 

0,.... 

1.0336 

ISj 

K.P» 

0,. . . . 

1.1865 

ISi 

ftPi 

3,.... 

0.2787 

w 

g,P, 

3,.... 

0.6379 

IT 

ftPa 

3,.... 

1.9389 

ITl 

gSO 

4. 

0.8147 

M 

gSO 

4 . 

2.0476 

IS 

gSC 

4. 

0.6651 


gS€ 

4. 

0.3248 

M 

^0 

4-7H,0 

0.9469 

M 

gSO 

4-7H,0 



H,P04. 

1.1356 

Mg. 

4.5789 

Mg(CH,CO,), 

0.7822 

MgCl,. 

1.1692 

MgCl,-611,0 

0.5477 

MgCO,. 

1.3206 

Mg(HCO,),.. 

0,7610 

MgO. 

2.7619 

MkS04 . 

0.9250 

MgS0,-7H,0 

0.4516 

NaHtPO,. .. 

0.9276 

NaiPO,. 

0.6789 

NajHPO, 


•12H,0 

0.3109 

Na,P 04 


•1211,0 

0,2929 

NajHPO,.... 

0.7840 

N&iS04. 

0.7838 

(NH4)H,P04. 

0.9675 

(NH4),HP0,. 

0.8428 

p. 

3.5877 

P,04. 

1.5676 

Ba804. 

0.51.58 

HiSO,. 

1.2274 

MgS04-7H,0 

0.4884 

SO,.... 

1 

so,. 

3.0786 

BaS 04 . 

1.0560 

MnCO,. 

0.4779 

MnO. 

0.7744 

MnO,. 

0.6319 

Mn,0,. 

0.69.59 

Mn,04. 

0.7203 

MnjPjO,. . . . 

0.3869 

MnS. 

0.6314 

CO,. 

2.6121 

Mn,P,07.... 

0.8096 

CO,. 

2.0108 

CO,. 

1.6119 

MnCO,. 

0.6172 

MnO,. 

0.8159 

MnSO,. 

0.4698 

Mn,P,0,. . .. 

0.4996 

Mn,0,. 

0.8987 

MnS. 

0.8153 

SO,. 

0.8859 

KMnO,. 

0.4995 

MmO, . 

1.0349 

MnSO,. 

0.5227 

S. 

2.4619 

MnO.. 

0,9080 

KtMnO,. 

0.3869 

MnSO,. 

0.5761 

BaSO,. 

0.6469 


A' 

A 

0.5303 

MnSO,. 

1.5000 

Mo. 

2.0022 

Mo. 

3.8250 

Mo. 

1.3348 

MoO,. 

1.3617 

MoO,. 

1.0863 

MoO,. 

2.5500 

MoO,. 

1.8727 

Mo04-(NH.), 

3.3564 

N. 

4.4986 

N. 

6.0757 

N. 

7.2179 

N. 

4.9263 

N. 

3 2841 

N. 

2.7131 

N. 

3.2841 

N. 

3,8551 

N. 

6.0685 

N. 

1.2159 

N. 

6,9674 

N. 

2.8576 

N. 

3.4748 

Na. 

1.5417 

Na. 

5.5182 

Na. 

4.4747 

Na. 

2.5417 

Na. 

2.3044 

Na. 

1.8261 

Na. 

3.6525 

Na. 

6.5183 

Na. 

1.3478 

Na. 

1.7395 

Na. 

2.7404 

Na. 

3.0885 

Na. 

0.6224 

^ a 2 Al 2 U 4 .... 

0.1399 

Na,Al»(SO .)4 

•24H,0 

0.6925 

Na,B40,. 

1.2287 

Na,B407. 

0.3657 

N& 13 B 4 O 7 

•lOIIjO 

0.6488 

ditto 

1.3202 

ditto 

1.0482 

NaBr. 

1.8247 

NaBr. 

0.7765 

NaBr. 

1.8454 

NaCl. 

2.4519 

NaCl. 

2.9061 

NaCl. 

0.4796 

NaCl. 



HNO,. 0.2979 

HNOi. 0,2223 


NaNOi. 0,2030 

NO,. 0.3045 

N,0,. 0.3686 


N,0.. 0,2594 

NaNO,. 0.1648 



AXA'-B 


BXB'-A 






















































































































































































TABLES AND USEFUL DATA 

XVm.-CONVEHSION FACTORS (Continued) 


0.6066 

0.6239 

0.8389 

1.8211 

2.1632 

0.9066 

1.4370 

1.2149 

1.7803 

0.5303 

1.2151 

1.1656 

0.3331 

0.2896 

2.2022 

0.9441 

0.5290 

1.1327 

0.4151 

0.6881 

0.9253 

1.3038 

0.4340 

1.1030 

1.5850 

1.9637 

0.7549 

0.5849 

0.7320 

1.99.51 

1.2788 

0.3744 

1.2367 

0.9294 

0.9135 

0.4031 

0.6182 

0.8349 

0.6793 

1.3938 

1.2866 

0.8931 

0.5238 

0.5838 

1.0251 

2.2395 

0.9284 

0.2740 

0.6309 

1.4291 

1.3219 

0.3690 

0.4085 

0.6997 


NaCl. Cl. 

NaCl. HCl. 

NaCl. II 2 SO 4 . 

NaCl. NaClO,. 

NaCl. NaClO,. 

NaCl. Na,CO,. 

NaCl. NaHCO,.... 

NaCl. NaiHPOi.... 

NaCl. NaHSO,.... 

NaCl. Na^O. 

NaCl. NaaSO,. 

NaCl. ZnCl,. 

NaClO,. Cl. 

NaClO,. Cl. 

NaaCO,. BaSOa. 

NaaCO,. CaCO,. 

NaaCOa. CaO... 

NaaCO,. CHaCOaH... 

NaaCO,. CO,. 

NaaCO,. HCl. 

NaaCOa. HaSOa. 

NaaCO,. KaCO,. 

NaaCOa. Na. 

NaaCO,. NaCl. 

NaaCOa. NaHCO,.... 

Naaai,. NaHSO,. 

NaaCO,. NaOH. 

Naaa),. NaaO. 

NaaCaO,. HaSOa. 

NaaCrOa. PbCrO,. 

NaaCraO,.... Fe. 

NaaCraO,.... HaSO,. 

NaaCraO,.... NaaCrO,. 

NaF. CaF,. 

NaaHAsOa... MgaAaaOa.... 

NaaHAsO,... As. 

N^HAsOa... AsaO,. 

NaaHAsOa... MgaAsaOa— 
NaHCO,.... Al,(SOa)a.... 
NaHCO,*... Ca(HaPO,),.. 
NaHCO,*... CaHaPaOa... 

NaHCO,.... CaH.0,. 

NaHCO,.... CO,. 


NaHCO,.... HaSOa. 

NaHCO,.... K,Al,(SOa)a. 
NaHCO,.... KHCaHaO,.. 
NaHCO,.... KMnOa. 


NaHCO,.... Na. 

NaHCO,.... NaaCX),. 

NaHCO,*... NaHaPOa.... 
NaHCO,*... NaaHaPaO,.,. 

NaHCO,.... NajO.?. 

NaHaPOa*... H,SOa. 

NaHJPO,*... NaHCO,... 


1.6486 
1.6030 
1.1920 
0.5491 
0.4623 
1.1030 
0.6959 
0.8231 
0.5617 
1.8858 
0.8230 
0.8579 
3.0023 
3.4535 
0.4541 
1.0593 
1.8905 
0.8828 
2.4091 
1.4533 
1.0807 
0.7670 
2.3044 
0.9066 
0.6309 
0.5092 
1.3247 
1.7097 
1.3661 
0.5014 
0.7820 
2.6711 
0.8086 
1.0760 
1.0947 
2.4809 
1.6177 
1.1978 
1.4721 
0.7175 
0 7773 
1.1197 
1.9092 
1.7129 
0.9756 
0.4465 
1.0760 
3.6525 
1.5851 
0.8997 
0.7565 
2.7099 
2.4482 
1.4291 


NaHaPOa*.,. 

NaHaPOa*... 

NaHaPOa*... 

NaHaPOa*... 

NaHaPOat... 

NaaHPOa.... 

NaaHPOa.... 
NaaHPOa... 
NaaHPOa.... 
NaaHaPaO,... 
NaaHaPaO,... 
NaaHaPaO,... 
NafNHa) 
Hroa-41IaO 

Na,POa. 

NaJOa. 

Na,POa. 

NaJOa. 

NaJOa. 


NaaPOa. . 

NaHSO,. 

NaHSO,. 

NaHSO,. 

NaHSO,. 

NaHSO,. 

NaHSO,. 

NaHSO,. 

Nal.... 

Nal.... 

Nal.... 

Nal.... 

NalO,.. 

NaNO,.. 

NaNO,.. 

NaNO,.. 

NaNO,.. 

NaNO,.. 

NaNO,.. 

NaNO,.. 

NaNO,.. 

NaOH... 

NaOH.. 

NaOH.. 

NaOH.. 


NaHJ>0, 

•4H,0 

Na,0. 

P. 

P.O.. 

HaSOa. 

NaaHPOa 

•12H,0 

NaaO. 

NaaP^,. 

PaO,. 

NaHCO,.... 

Na,0. 

PaO,. 

PaO.. 

HaSOa. 

MgaPaO,... . 

NaaO. 

NaaSOa. 

Na,POa 

•12HaO 

PaO,. 

BaSOa. 

HaSOa. 

NaCl. 

NaaO. 

NaaSaO,. 

S. 

SO,. 

Agl. 

Na.'.'!!!!!'.! 

NaaO. 

I. 

HNO,. 

HaSOa. 

KNO,. 

NaNO,. 

NaaO. 

NH,. 

NO. 

NaO,,. 

HaSO,. 

NaaO. 

NaiSiF,. 

(NHa),POa 

(MoO,),, 

BaSOa. 

CHaCOaH... 
CHaCOaNa.. 

HaSO,. 

Na. 

Naa. 

NaaCO,. 


0.6249 

3.8728 

3.8678 

1.6900 

2.8964 


0.4902 

0.2650 



AXA'-B 

*FhenoIpbtl»lein 


BXB'-A 

tMetM oraiifs. 
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TABLES AND USEFUL DATA 

XVin.-<X)NVBBfiION FACTOBS (Continued) 


A' 

A 

B 

B' 

1.3548 

Narf). 

NaF. 

0.7381 1.1663 



Knwnn. 

n 

2.2011 

Na,0. 

NaiHPO,.... 

0.4366 8.6000 

3.8728 

Na,0. 

NaHiPO,.... 

0.2582 2.8702 

8.6822 

Na,0. 

N&xHiP^y.. . 

0.2702 4.0060 

3.3670 

NaiO. 

NaHSO,. 

0.2070 6.0364 

2.7423 

Narf). 

NaNO,. 

0.3847 0.8227 

1.2006 

NaiO. 

NaOH. 

0.7748 4.0617 

8.2016 

NaiO. 

NaPO,. 

0.3038 4.0011 

1.7630 

Na,0. 

Na,PO,. 

0.5660 2.8207 

1.2602 

NatO. 

NaiS. 

0.7042 8.1400 

3.0334 

NaiO. 

NaiSO. 

0.4018 3.8785 

2.2015 

NajO. 

NaiSO,. 

0.4364 6.7570 

2.6603 

NatO. 

NaAO,. 

0.3021 2.0677 

8.0665 

Na,0. 

NaiSiO,. 

0.3261 13.035 

2.1458 

NwO. 

NaJPA. 

0.4660 3.8700 

1.1468 

NaiO*. 

PA. 

0.8727 3.1714 

1.2015 

Na/). 

SO,. 

0.7743 0.1127 

2.0004 

Na,S. 

BaSO,. 

0.3344 

1.8606 

NasS. 

CdS. 

0.5404 0.0376 

0.4365 

NaiS. 

HiS. 

2.2008 0.1414 

1.2564 

NaiS. 

HiSO,.: 

0,7050 0.3531 

0.7042 

NaiS. 

NaiO. 

1.2502 2.6703 

0.4108 

NaiS. 

S. 

2.4348 0.6628 

1.8515 

NaiSO,. 

BaSO,. 

0.5401 0.6817 

0.6611 

NaiSO,. 

HiSO,. 

1.5359 0.0167 

0.8800 

Na,SO,. 

HiSO,. 

2.6706 0.0675 

2.0135 

NaiSO,. 

I. 

0 4066 0.1480 

0.4018 

NaiSO,. 

NaiO. 

2.0334 0.8428 

0.6082 

NaiSO,. 

SO,. 

1.0677 0.2578 

0.2541 

Na,S 04 - 7 H ,0 

SO,. 

3.0356 0.4806 

2.0624 

NaAO,. 

BaSO,. 

0.3387 0.0165 

1.5606 

NftiStOi..... 

NaiSiO, 




•SHiO 

0.6371 0.0378 

1.6431 

NaiSO,. 

BaSO,. 

0.6086 0.2838 

0.8047 

NaiSO,. 

CaO. 

2.5338 0.4303 

1.1647 

NaiSO,. 

GH,CX),Na.. 

0.8660 0.0188 

0.6004 

NaiSO,. 

H.SO,. 

1.4484 1.4302 

1.2267 

. NaiSO,. 

KiSO,. 

0.8152 1.7665 

0.2888 

NaiSO,. 

MgO. 

3.5236 0.7422 

0.7838 

NaiSO,. 

Mga>A.... 

1.2758 0.2120 

0.8238 

NaiSO,. 

Na. 

3.0883 0.2578 

0.8280 

Na,SO,t. 

Nsa. 

1.2151 0.5753 

0.7461 

NaiSO,. 

NaiCA. 

1.3403 0.4208 



NaF. 

^ flQ12 .. 

0.6730 

NbAO,. 

SO,. 

1.4830 4.0225 

1.6004 

NaiSO,. 

NaHSO,. 

0.5016 4.0556 

0.4364 

NaiSO,. 

NaiO. 

2.2015 

0.5405 

NaiSO,. 

NaJ3. 

1.8108 1.2727 

0.8874 

NaiSO,. 

NaiSO,. 

1.1260 2.6871 

1.88n 

NaiSO,. 

NaiSO,7H,0. 

0.5207 4.7863 

2.3681 

NaiSO,. 

NaiSO, 

3.0643 



• lOHiO 

0.4400 2.0720 

1.8883 

NaiSO,. 

NaiSiO,. 

0.7472 1.8150 

0.6686 

NaiSO,. 

SO,. 

1.7743 


B 


HNO,. 

H^«. 

KNO,. 

KNOi. 

N. 

NaNO,. 

NaNOi. 

(NHjJiCOi... 

NH 4 CI. 

(NH.).HP04. 

NHiHtPO,... 

NH 4 OH. 

NH«)JPtCl,. 

NH4),S04... 

NA. 


Nd.|NdA. 

NH,. 

NH,. 

NH,. 

NH,. 

NH,. 

NH,. 

NH,. 

NH,. 

NH,. 

NH,. 

NH,. 

NH,. 

NH,. 

NH,. 

NH,. 

« ,A1, , 

■24HA Al,0,. 
ditto |NH,. 
ditto 
ditto 

NHA. 

'NH 4 CI. 

NH4a. 

NH4a. 

(NH4)H,P04. 

(NH 4 )H,P 04 . 

(NH4),HP04. 

(NH4,HP04. 

<NH4),Mo04. 

(NH4),P04 . 

-11 P- 

itto PjO,. 
(NH 4 ),PtCl 4 .. HNO,. 
(NH 4 )JHCl 4 . Pt. 
NH 4 ),PtCl,. PtCU. 

NH .),8 . H,S04. 

NH 4 ),S 04 ... BaSO,. 
NH4),S04... H^ 4 . 
NH4,804... N. 
NH,),S04... NH,. 
NH4),S04... NA. 
NH4},SiO... H,S04. 

Ni.TT NiC,H,4N404. 

Ni. Ni(NO,)i 

* 6 HA 

Ni. NiO 

NI. NiSO, 

Ni. NiS04-7HA. 

NiO. NiC,HMN404. 

NiO. NiSO, 

NiSO,. NiS04-7Hi0. 


SO,. 

HCl. 

H,SO,.... 

MftPA. 


M&PA.... 

NH.. 

Mo. 


B' 


0.8574 


0.2704 
0.8473 
0.2001 
0 1685 
1.2150 
0.2468 
0.2005 
0.3545 
0.3184 
0.2678 
0.1480 
0.4860 
0.0767 
0.2578 
0.3163 

8.8738 

26.6235 

7.0710 

2.8320 

0.3732 

1.5088 

1.4660 

1.0600 

1.0336 

6.7576 

1.1866 

3.8785 

2.0425 

60.476 

26.424 

3.6232 

2.2748 

1.0884 

0.6048 

0.5661 

1.3473 

4.7166 

3.8700 

1.7383 

2.3268 


0.2032 

0.2018 

0.7868 

0.3702 

0.2080 

0.3263 

0.4826 

0..6510 


AXA'-B 


BXB'-A 


'Plmolphthaleia. 



































































































































































TABLES AND USEFUL DATA 
XVm.-CONVBHaiON FACTORS (ContinMd) 


695 


A' 

A 

B 

B' 

A' 

A 

1.6667 

NO. 

HNO,. 

0.6382 


PaOa 

2.0900 

NO. 

HNOi. 

0.47A2 


P.O. 

2.8362 

NO. 

KNO,. 

0.3626 

2.9441 

P^i 

3.3694 

NO. 

KNO,. 

n 90AA 


2.2997 

NO. 

NaNO,.. 


0.8729 

P,0,. 

2.8327 

NO. 

NaNO.. 

iiifcKV 


PiO* 







N,0.. 

AgNO,. 

iPftr 


riUi. 

RVInlfl 

N,0,. 

HCl. 


ll ft797 

PA 

1.6679 

NjO,.. 

HNO,. 



P,0,. 

1.0798 

NA*. 

H,SO, 



i.2903 

NA. 

H,S04. 

Wwii 


Pb. 

2.2392 

NA. 

KNO,. 

iwTifd 


Pb. 

0.3686 

NA. 

N. 

2 71.31 


Pb. 

1.8166 

nA. 

NaNO,. 


1 2Rft7 

Pb.... 

0.7896 

NA. 

NO. 

1 2B6A 

1.2479 

Pb . 

1.2104 

N,0,. 

NA. 

n 


0.7928 

NA. 

HCl. 

1 2«17 


Pb. 

1.8897 

N,0,. 

HNO,. 



Pb. 

0.8920 

N,04*. 

HiSO,. 

lllRifil 

1.1545 

Pb. 

1.0669 

nA. 

H,S04. 

n QRR2 

1 1A42 

Pb. 

0.3046 

NjO,. 

N. 


W'l 

Pb. 

0.6623 

nA. 

NO. 

1 Fan'll 

K '■( !■ 

Pb. 

0.6762 

nA. 

HCl. 



Pb. 

1.1668 

n,o,. 

HNO,. 


0.2561 

PbCl,. 

0.7599 

N,04*. 

H,SO,. 

1 .3169 

n 1647 

PbCO,. 

0.9080 

NiO,. 

H,S0.. 

nniTn 


PhCrO. 

1.8721 

nA. 

KNO,. 

0.6342 



1.6740 

NA. 

NaNO,. 

n fm.3 

n 4551 1 

PbCrOi .. . 

0.3163 

NA. 

NH,. 



PbOO,.... 

0.5656 

NA. 

NO.'. 

nRuivi 


PbC A .. 

0.7038 

NA. 

NA. 

1.4209 

1.1733 

PbCA . 





1.3353 

Os. 

OsOi. 

0.7489 


PbCrO, 






3.1693 

P. 

BbPO,. 

0.3168 


PbCrO, 

8.6877 

P. 

MfcPtO,.... 

0.2787 


PbCrO,. 

3.8678 

P. 

NaHJO,.... 

0.2588 

0.9383 1 

PbCrO,. 

60.476 

P. 

(NH,),P04 


n 6642 

PbMA. 



(MoO,)u 

0.0165 

mm 

PbMA. 

2 2887 

P. 

PA. 

0 4369 

0 3923 

PbMA 

6.8936 

PA. 

AgjO,. 

0.1697 

6.92^ 

PbO. 

1.7193 

PA. 

AffO,. 

0.6815 

1.2461 

PbO. 

1.7193 

PA. 

AIJPA. 

0.6816 

1.1972 

PbO. 

1.9161 

PA. 

CaHPO,. 

0.5219 

1.4842 

PbO. 

1.6483 

PA. 

a. LA.iAH 

rnrrai 

1 A5fiO 

PbO 

1.8214 

PA. 

CkiAfPiO?... 

0.6673 


pbS. 

1.7893 

PA. 

Ca,PA. 

0.5689 


PbS. 

2.1839 

PA. 

C^PiOi. 

0.4679 


PbS. 

2.1239 

PA. 

FePO,. 

0.4708 


PbSO,. 

1.1562 

pA. 

HJH),. 

0.8667 

1.2607 

PbSOi. 

1.3804 

PA. 

HUPO,. 

0.7244 


1.0709 

PA. 

HJSO,. 



PbSO, . . 

i.5676 

PA. 

mSa... 



1.4364 

PA. 

NiCK), . 


[JjETuya 

PbSO,. 

1.9996 

PA. 

NatHPO,.... 


ijSijM 

PbSOw—^ 


AXA'-B BXB'-A 




B 


V 


0.6917 

o.em 


NaHiPO,.... 

Na(NH,) 

HP04-4H.0 

Na,0. 

N«taPO,. 0.«8i 

(NH4),P0, i 

(MoO.)ii 0.0378 

NaiPiO,. 0.8840 

U,PA.. 0.1989 


0 . 

1.1488 


CH,CO,H.. 
Pb^OIiO,), 

Pbcoi.;;!! 

(PbCO.),Pb 

(OH), 

PbCrO,.... 

PbO. 

PbO,. 

PbSO,. 


Cl,. 

CO,. 

Cr. 

Cr,(),. 

K,Cr.O,. 

Na,CrO,. 

Pb. 

Pb(C.HA), 

3H,0 

(PbCO,),Pb 

(OH), 

PbO. 

PbtO,. 

PbSO,. 

Pb. 

Mo. 

MoO,. 

Pb. 

PbCli*. 

PbCO, 

Pb 


Pb... 
PbO. 
S. 


BaSO,. 

Pb(C,H,(^ 

(PbCO,).Pb^ 

(OH), 

PbO,. 

Ii20.. 


1.7288 

0.6369 

0.7449 

0.7764 

0.8014 

0.6410 

0.0283 

0.8662 

0.8889 

0.8669 

0.6881 

6.4629 
3.9216 
6.0722 
6.2184 
4.2826 

2.1971 

1.9951 

1.8600 

0.8823 

1.2601 

1.4482 

1.3612 

1.0667 

1.7722 

8.8260 

2.8800 

1.0772 

0.8026 

0.8853 

0.6788 

0.7889 

1.1649 

1.0720 

7.4629 
1.2991 

0.7998 

1781 

1.2679 

1.8272 
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TABLES AND USEFUL DATA 

XVIU.—CX)NVER8I0N FACTORS (Continued) 



A 

B 

B' A' 

A 

B 

B' 

0.7880 

PbSOi 

PbS 

1.2678 6.4630 

S. 

Pb. 

0.1647 

0.2640 

Phan. 

an. 

3.7879 1.9981 

8 . 

SO,. 

0.5005 

— 

9. dQ75 

ft 

80i 

0 4005 

3 7270 

Pd 

ItPdCL 

0 2683 i!7616 

8 , . 

BaS. 

0.5677 

2.0024 

Pd 

PdCl,-2H,U 

0 4994 1.3212 

si. 

BaS. 

0.7569 

8.8791 

Pd. 

Pdl,. 

0.2959 8.6439 

SO,. 

BaSO,. 

0.2746 

*1023 

Pd. 

Pd(NO,)..... 

0.4625 1.5783 

SO,. 

Ca(HSO,),.., 

0.6336 

2.3979 

Pd. 

HI. 

0.4170 1.2812 

SO,. 

H,SO,. 

0.7805 

2.3790 

Pd. 

I. 

0.4203 1.5309 

80,t........ 

H,SO,. 

0.6532 

0.7096 

Pdl,. 

HI. 

1.4092 0.7855 

SO,*. 

H^, . 

1.3064 

0.7041 

Pdl,. 

I. 

1.4204 1.6244 

SO,. 

NaHSO,. 

0.6156 

0.0703 

Pdl,. 

10 ,. 

1.0306 1.9677 

SO,. 

Na,SO,. 

0.5082 




a 

fin, 

Nft-fi0..7H^ 

0 2541 

2.4903 

Pt. 

KiPtCU. 

0,4015 1.2498 

so,. 

so,. 

0.8001 

2.6541 

Pt... 

HdHCUOHjO 

0.3768 0.4255 

so,. 


2.3501 

2.2748 

Pt . 

(NH,),PtCl, . 

0.4396 1.4255 

SO,. 

KlnKiinWHl 

0.7015 

1.7266 

Pt. 

PtCU. 

0.5792 2.9155 

so,. 


0.3430 

2.1881 

Pt. 

PtCU-OHjO.. 

0.4670 0.7003 

so,. 

CaO. 

1.4280 

1.4423 

PtCl.. 

KiPtCl, . 

0.6934 1.7003 

so,. 

CaSO, . 

0.6881 

1 3177 

PtCU 

(NH,),PtCU 

0 7589 1 2250 

so,. 

H,SO, . 

0.8163 

1.1883 

PtCl.-6H,0.. 

KsPtCU . 

0.8785 2.1765 

so,. 

K,SO, . 

0.4595 





fiO, 



1.1703 

Pr . 

Pr,0, . 

0.8545 


MgSO,) 

1.9859 




1 5036 

fiO^ 


0 5551 

8.7382 

Rh . 

NaiRhCU. ... 

0.2875 ilsSSS 

so,. 

MnSO, . 

o!5303 

2.0338 

Rh . 

RhCU . 

0.4917 0.7743 

so,. 

Na,0 . 

1.2915 




1 7743 

fin, 


0 5535 

1.6775 

Rb . 

AgCl . 

0.5961 iiiiio 

so,. 

66 ° 0. V.... 

0.8760 

0.4150 

Rb . 

CL. . 

2.4008 2.0162 

so,. 

ZnSO, . 

0.4960 

1.4150 

Rb . 

RbCl. 

0.7067 2.4298 

so,. 

BaSO,. 

0.4116 

1.3510 

Rb. 

RbCO,. 

0.7402 0.3130 

SO, HCl. . .. 

HCl. 

3.1953 

1.0937 

Rb. 

Rb,0 . 

0.9144 0.8417 

SO,HCl.... 

.H,SO, . 

1.1881 

1.5622 

Rb . 

RbjSO. . 

0.6402 0.4561 

SsOiCls . 

H,SO, . 

2.1926 



PK.P*r*i. 





1.1866 

xvu. 

RbCl . 

AgCl . 

0.8435 2 7649 

Sb . 

KSbOC,H,0, 


0.2933 

RbCI . 

CL. . 

3.4098 


■1H,0 

0.3617 

1.2686 

IibtCX}| . 

RbHCO,. . .. 

0.7883 1.8850 

8 b . 

SbCl, . 

0.5305 

1.2039 

Rb,0 . 

RbCl . 

0.7729 1.1997 

8 b . 

SbjO* . 

0.8336 

1.4284 

Rb,0 . 

RbtSO, . 

0.7001 1.3328 

Sb . 

Sb,0,. 

0.7603 

0.4178 

RbiPtCU ... 

RbCl. 

2.3938 1.4002 

Sb. 

SbA. 

0.7142 

0 %87 

Rb,PtCl. .... 

RbiCO, . 

2.5071 1.2662 

Sb . 

Sb,0,. 

0.7897 

6 .^ 

RbsPtCU • •. • 

RbHCO,.... 

1.9762 1.1109 

Sb,0,. 

Sb,0,. 

msn 

0.8220 

RbiPtOl,.... 

Rb,0. 

3.0972 1.3462 

Sb,S,. 

SbCU. 

0.7428 


s . 

BaS. 

0.1892 1.6315 

8 e. 

H^eO, . 

0.6129 


s. 

BaSO, . 

0.1475 1.8336 

Se . 

H,S^4 . 

0.5454 


s . 

BaSO, . 

0.1373 1.4040 

Se . 

SeOi . 

0 7123 


s . 

BaStO, . 

0.1657 1.6060 

Se . 


0.6227 


o 


0 2397 




Ve<lll40 

5 5117 

8 . 

BaS, H,0. .. 

6!462i 2.1307 

Si . 

SiO, . 

0.4693 

titfm 

8 . 

HiS . 

0.9408 2.6961 


8 KU . 

lilRffll 

9 fuoi 

8 . 

HiSO,... 

0.3270 3.2615 


SiO,. 

0.3066 

^7il7 

8 . 

p^.;... 

0.3648 2.6814 

^4. 

BaSiP.. 

0.3729 


8 . 

FeS,. 

0.5346 1.3837 

SiF,. 

[SMM| 

0.7227 

nr^ 

S ..... 

K,8'.. 

0.2908 2.1141 

SiFi. 


0.4730 


S. 

NaiS. 

0.4108 1.0141 

SiF,. 




AXA'-B AXA'-A 


* Plieiiolphtlitlein, t Methyl ormnte. 



































































































































































































TABLES AND USEFUL DATA 


XVIII.-CONVERSION FACTORS (Continued) 



SiOi. BaSiF,. 0.2156 

SiO,. HjSiO,. 0.7699 

SiO,. KjSiF,.. 0.2735 

SiO,. K,SiO,. 0.3903 

SiO,. Na,SiO,. 0.4930 

SiO,. SiF,. 0.5782 

SiO,. SO,. 0.3766 

SiO,. Si(OH),. 0.6259 

SiO,. ZnSiO,. 0.4256 


Sn. Cl,. 

Sn. SnCl,. 

Sn. SnCl,-2HA 



SnCU. SnCI,-2H,0.. 


SnO,. SnCl,-2H,0.. 

SnO,. SnCU. 

SnO,. SnCU 

(NH.C1), 

SnO,. SnO. 


1.6848 Sr. SrCO 

1.1826 Sr. SrO.. 

2.0963 Sr. SrSO, 

1.6300 SrO. SrCI, 

0.4357 SrSO,. SO,.. 



ThO,.... 

... Th. 

ThO,.... 

... ThCU. 

ThO,.... 

... Th(NO.), 


■611,0 

Ti. 

... TiO,. 


1.1738 T1. TlCl.. 

1.1470 T1. TlrfX), 

1.6220 Tl. ni... 

1.3040 Tl. TINO,. 

1,0392 Tl. TM).. 

0.7786 TUCrO,. H.... 

0.6776 TIHSO,. Tl.... 

0.6166 TII.. H.... 



1.6737 
0.6261 
0.626011.7884 
0.46561 
0.881210.6668 
0.787710.7666 
2.6738* 

2.6000 



TUPtCU. Tl. 1.9999 

TUPtCU. TlCl......... 1.7038 

Tl,PtCU. T1,CX),. 1.7438 

Tl.PtCU. Tir. 1.2329 

TUPtCU. TINO,. 1.5337 

TUPtCU. T1,0. 1.9244 

TUPtCU. Tl,SO.. 

TUSO,. Tl. 


UO,. U. 1.1342 

U,0,. U. 1.1789 

U,0,. UO,. 1.0394 

U,0.. UO,(NO,), 

•6H,0 0.6591 

U,P,0.,. U. 1.4990 

U.P,Ou. UO,.. ....... 1.3221 


V,0,. 

V,0,. 

V,0,. 

V,0..10 6604 

V. 1.7843 


1 0,8785 
0.7882 

i.iiao 



0.7669 
0.9623 
1.2843. 
1.4759|0.7390 


V,0,. VO.. 0.7913 


W. PbWO,. 

WO,. W. 

WO,. W. 

WO,. PbWO,. 


Zn. H,SO.. 

Zn. SO,. 

Zn. ZnCl,. 

Zn. ZnHg(CNS), 

Zn. ZnO. 

Zn. Zn,P,0,. 

Zn. ZnS. 

ZnCl,.. AgCl. 

ZnCl,. Cf.. 

ZnCl,. NaCl. 

ZnO. H,SO,. 

ZnO. SO,.'.. 

ZnO. ZnCl,. 

ZnO. ZnCO,. 

ZnO. Zn,P ,07 . 

ZnO. ZnS. 

ZnO. ZnSO,. 

ZnO. ZnSO,.7H,0. 

ZnS... BaSO,. 

ZnS. ZnSO,-7HK). 

ZnSiO,. SiO,. 

ZnSO.. SO,. 


1.6222 


AXA'-B 




BXB'-A 

















































































































































































































































TABLES AND USEFUL DATA 


Note. —^The editor will welcome additional factors not appearing in these tables. 

Although a lar^ portion of these factors have appeared in previous editions the 
entire list has receivra careful revision, using the atomic weignts of 1920. Credit 
for the arrangement of this section is duo to R. M. Meiklejohn. The factors have 
been checked oy three men working independently. 

Examj^ of Method for Using Factors. Suppme the product weighed is 0.8535 
|pw AgCl and the equivalent weight of Cl is desired; hunt up the factors AgQ-Ci. 
This may be found on the first page of the conversion /actors, a little below the middle 
of the^ge. Using the formula A XA' >= B, and substituting the values for A (weight 
of AgCl) and A' (factor) wo have 0.8535 X0.2474 -0.21124 gram Cl. If, on the other 
hand, the weight of Cl were known to be, say, 0.2501 gram and the weight of the 
equivalent AgCl were desired, we would use the formula BXB'-A and, substituting 
the values for B and B', we would have 0.2501X4.0423 = 1.01098 gram AgCl. 


lo.c. N/2 HCl = .018235 gram HCl 

1 c.c. N/10 HCl = .003647 gram HCl 

i C.C. N/2 KOH -. 028055 gram KOH 

1 c.c. N/6 KOH = .04706 gram oleic acid - .008173 gram H 3 SO 4 

1 C.C. N/10 KOH = .00561 gram KOH 

1 c.c. KjCrsO: =3.8633 gram per liter - .010 gram I 

1 C.C. N/10 NaiS/),5H,0= .0248 gram NaAO,5HA)- .012692 gram I 


1 c.c. NO-0.0021 gram HNO, 
-0.0028143 gram HNO, 
=0.0045154 gram KNO, 
—0.003796 gram NaNO, 
—0.00134 gram NO 
-0.001696 gramNA 
-0.0024119 gram N,0, 
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TABLES AND USEFUL DATA 


XIX.—COMPARISON OF CENTIGRADE AND FAHRENHEIT SCALE 


•c. 

-100 

-0 

+0 

12 ^ 



+400 

+500 



+800 

+900 

'C. 


"*Fr 

Jf. 

P. 




P. 

P. 



P. 

F* 


0 


+ 32 

32 

+212 

392 

672 

762 

932 

1112 

1292 

1472 

1652 

0 

s 

BliVJ 

+ 23 

41 

221 

KT 

581 

761 

941 

1121 


1481 

1661 

6 


St;!;* 

+ 14 


KE 

Kfl! 

690 



■IKi] 



1670 

10 

16 

-176 

+ 5 

59 

239 

419 

699 

779 

959 

1139 

■ Kfllj 

1499 

1679 

16 

20 

-184 

- 4 

68 

248 

428 

608 

788 

968 

1148 


■Uira 

1688 

20 

25 

-193 

- 13 

77 

267 

437 

617 

797 

977 

1157 

1337 

1517 

1697 

25 

30 

-202 

- 22 

86 

266 

446 

626 

KiTi 

986 

1166 

1346 


■WiTii 

30 

35 

-211 

- 31 

95 

275 

456 

636 


995 

1175 

1365 

1535 

1716 

36 

40 


BE 

104 

284 

464 

644 


■uTis! 

ilES 

1364 

1644 

1724 

40 

45 

-229 

- 49 

113 

293 

473 

663 


llilt 

1193 

1373 

1553 

1733 

46 

50 

-238 

- 58 

122 


482 

662 

842 



■ 8^ 

1662 

1742 

60 

55 

-247 

- 67 

131 


491 

671 

851 

1031 

1211 

1391 

1671 

1761 

65 

60 

-266 

- 76 

KE 






■ Ij!^ 

1400 

■Mi! 

lU^l 

60 

65 

-366 

- 85 

149 



689 




1409 

1589 

1769 

65 

70 

-274 

- 94 

158 


518 

698 



1238 

1418 

1698 

1778 

E9 

76 

-283 

BEEi 

167 


627 



IFiM 

1247 

1427 

■rjln 

1787 

76 

80 

-292 

-112 

176 


536 

716 



1266 

1436 


1796 

iaiM 

85 


-121 

186 


545 

726 


■n^ 

1265 

1445 


■Ma 

85 

90 

Rtfi 

BEE 

194 

^EfZl 


734 


■n!|i 

1274 

1454 

1634 

1814 

ESI 

96 

RiBi 

-139 



568 

743 


■itiK 

1283 

1463 


1823 

95 

100 

-328 

-148 

+212 

392 

572 

752 

932 

1112 

1292 


IS 

1832 

|g| 

•c. 

-200 


IP 

■ 

■ 

+300 



+600 



+1000 

°C. 


C° 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 

F° 2012 2192 2372 2552 2732 2912 3092 3272 3452 3632 

Degrees C.X 1.8+32 = Degrees F. Degrees F.—32 + 1.8= Degrees C. 

Absolute zero, —273° C. = —459° F, 


Comparison op Cbntiohade and Fahrenheit Scale for Evert 1° C. prom 

0 ° to 100° C. 


c. 

D 

10 

20 

30 

40 

60 

60 

70 

80 

90 

C. 


F. . 

F. 

F. 

F. 

F. 

F. 

F. 

F. 

F. 

F. 


El 

32 

50 

68 

86 

■njSl 

122 


158 

176 

194 

0 

1 

33.8 

51.8 

69.8 

87.8 


123.8 

141.8 

159.8 

177.8 

■liliO 

1 

2 

36.6 

53.6 

71.6 

89.6 



143.6 

161.6 

179.6 

197.6 

2 

3 

37.4 

65.4 

73.4 

91.4 

■tiMH 

127.4 

145.4 

163.4 

181.4 

199.4 

3 

4 

39.2 

57.2 

75.2 

93.2 

111.2 

129.2 

147.2 

165.2 

183.2 


4 

5 

41.0 

59 

77 

96 

113 

131 

149 

167 

185 


5 

6 

42.8 

60.8 

78.8 

96.8 

114.8 

132.8 

1^0 

168.8 

186.8 


6 

7 

44.6 

62.6 

80.6 

98.6 

116.6 

134.6 

152.6 

170.6 

188.6 


7 

8 

46.4 

64.4 

82.4 

mo 

118.4 

136.4 

151.4 

172.4 

■ KiKl 

kSIkI 

8 

9 

48.2 

66.2 

84.2 

102.2 


138.2 

166.2 

174.2 

192.2 

210.2 

9 

C. 

9 

19 

29 

39 

49 

69 

69 

79 

89 

99 

c.- 


loo^a-aia'P. 
































































































TABLES AND USEFUL DATA 701 


XX.—RELATION OF BAUMi: DEGREEH TO SPECIFIC GRAVITY AND 
THE WEIGHT OF ONE UNITED STATES GALLON AT 30* F.—LIQUIDS 
UOHTER THAN WATER 


1 

i 

M 0 

P 

go 

1 

■ 

Pounds in 
Gallon. 

1 

g 

a 

A 

-0 

CQ 

^d 

II 

F 

(L 

1 

3 

A 

Speeifie 

Gravity. 

|l 

r 

ft 

10 

1.0000 

8.33 

31 

0.8695 

7.24 

52 

0.7692 

6.41 

73 

0.6896 

5.75 

11 

0.9920 

8.27 

32 

0.8641 

7.20 

53 

0.7650 

6.37 

74 

0.6863 

5.52 

12 

0.9859 

8.21 

33 

0.8588 

7.15 

54 

0.7608 

6.34 

75 

0.6829 

5.69 

13 


8.16 

34 

0.8536 

7.11 

55 

0.7567 

6.30 

76 

0.6796 

5.66 

14 

0.9722 

8.10 

35 

0.8484 

7.07 

56 

0.7526 

6.27 

77 

0.6763 

5.63 

IB 

0.9655 

8.04 

36 

0.8433 

7.03 

57 

0.7488 

6.24 

78 

0.6730 

5.60 

16 

0.9589 

7.99 

37 

0.8383 

6.98 

58 

0.7446 

6.20 

79 

0.6698 

5.58 

17 

0.9523 

7.93 

38 

0.8333 

6.94 

59 

0.7407 

6.17 

E51 

0.6666 

5.55 

18 

0.9459 

7.88 

39 

0.8284 

6.90 


0.7368 

6.14 

81 

0.6635 

5.52 

10 

0.9395 

7.83 

40 

0.8235 

6.86 


0.7329 

6.11 

82 

0.6604 

5.50 

20 

0.9333 

7.78 

41 

0.8187 

6.82 


0.7290 


83 

0.657S 

5.48 

21 

0.9271 

7.72 

42 

0.8139 

6.78 


0.7253 

■ilfisMi 

84 

0.6542 

5.45 

22 

0.9210 

7.67 

43 

0.8092 

6.74 


0.7216 

6.01 

85 

0.6511 

5.42 

23 

0.9150 

7.62 

44 

0.8045 

6.70 


0.7179 

5.98 

86 

0.6481 

5.40 

24 


7.57 

45 

0.8000 

6.66 

66 

0.7142 

5.95 

87 

0.6451 

5.38 

25 

0.9032 

7.53 

46 

0.7954 

6.63 

67 

0.7106 

5.92 

88 

0.6422 

5.36 

26 

0.8974 

7.43 

47 

0.7909 

6.59 

68 



PI 

I'lliMVf 

5.33 

27 

0.8917 

7.43 

48 

0.7865 

6.55 


0.7035 


isi 


5.30 

"8 

0.8860 

,7.38 

49 

0.7821 

6..52 




la 


5.18 

9 

0.8805 

7.34 

50 

0.7771 

6.43 







0 

0.8750 

7.29 

51 

0.7734 

6.44 

72 

0.0930 

5.78 



... 


:x.— (o) RELATION OF BAUME DEGREES TO SPECIFIC GRAVITY- 
LIQUIDS HEAVIER THAN WATER 


Baum4 

Decreet. 

Specific 

Gravity. 

Batting 

Degrees. 

Specific 

Gravity. 

Baum6 

Degrees. 

Specific 

Gravity. 

Bauni6 

Degrees. 

-;;... 

Specific 

Gravity. 

0.0 

1.0000 

6.0 

1.0432 

24.0 

1.1983 

42.0 


0.1 

1.0007 

7.0 

1.0507 

25.0 

1.2083 

43.0 


0.2 

1.0014 

8.0 

1.0584 

26.0 

1.2185 

44.0 


0.3 

1 0021 

9.0 

1.0662 

27.0 

1.2288 

45.0 


0.4 

1.0028 

10.0 

1.0741 

28.0 

1.2393 

46.0 


0.5 

1.0035 

11.0 

1.0821 

29.0 

1.2500 

47.0 

0.8 

1.0042 

12.0 

1.0902 

30.0 

1.2809 

48.0 


0.7 

1.0049 

13.0 

1.0985 

31.0 

1.2719 

49.0 


■0.8 

1.0055 

14.0 

1.1069 

32.0 

1.2832 

HSEK 


0.9 

1.0062 

15.0 

1.1154 

33.0 

1.2946 

51.0 

1.5426 

1.0 

1.0069 

16.0 

1.1240 

34.-0 

1.3063 

52.0 

1.5591 

1.5 

1.0105 

17.0 

1.1328 

35.0 

1.3282 

53.0 

1.5761 

2.0t 

1.0140 

18.0 

1.1417 

36.0 

1.3303 

54.0 

1.5934 

2.5 

1.0175 

19.0 

1.1508 

37.0 

1.3428 

55.0 

1.6111 

3.0 

l-.03tl 

20.0 

1.1600 

38.0 

1.3551 

56.0 

1.6292 

3.5 

1.0247 

21.0 

1.1694 

39.0 

1.3679 


1.6477 ; 

4.0 

1.0284 

22.0 

. 1.1789 

40.0 

1.3810 

58.0 

1.6667 

5.0 

1.0357 

23.0 

1.1885 

41.0 

1.3942 

59.0 

60.0 

1.6860 

1.7059 
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TABLES AND USEFUL DATA 


XXI.-COMPABISON OF METRIC AND CUSTOMARY UNITS (U. &). 


Length 

1 millimeter, mm. -O.OSOa? inch. 

1 centimeter, cm. =0.39371 inch. 

1 meter, m. - 3.28083 feet. 

1 meter >•1.00361 yar^. 

1 kilometer -0.62137 (U, S.) mile. 


1 mch —25.4001 millimeters. 
1 inch — 2.54001 centimeters, 
1 foot - 0.304801 meter. 

1 yard => 0.914402 meter. 

1 mile = 1.60935 kUometem. 


Areas 


1 square millimeter, 8q.mm. 
1 square centimeter, sq.cm. 
1 square meter, sq.m.' 

1 square meter 
1 square kilometers 
1 hectare 


— 0.00155 sq.in. 

— 0.1550 sq.m. 
= 10.764 sq.ft. 

— 1.196 sq.yd. 

— 0.3861 sq.mi. 

— 2.471 acres. 


. Volumes 

1 cubic millimeter, cu.mm. = 0.000061 in. 

1 cubic centimeter, cc. - 0.06103 cu.in. 

1 cubic meter =35.314 cu.ft. 

=61,028 cu.ins. 

1 cubic meter = 1.3079 cu.yd. 


1 sq.m. =645.16 sq.mm. 

1 sq.in. = 6.452 sq.cm, 

1 sq.ft. = 0.0929 sq.m. 

1 sq.yd. = 0.8361 sq.m. 

1 sq.mi. = 2.5900 sq.km. 
1 acre = 0.4047 hectare 


1 cu.in. “ 16,387.2 cu.mm. 
1 cu.in. = 16.3872 cc. 

1 cu.ft. = 0.02^2 cu,m. 

= 28.32 liters. 

1 cu.yd. = 0.7645 cu.m 


Capacities 


1 cubic centimeter, cc. 
1 cubic centimeter 

1 cubic centimeter 

1 liter 
1 liter 
1 liter 
1 hectoliter 


—0.03381 (U.S.) liquid ounce. 
—0.2705 (U. 8.) apothecaries’ 
dram. 

=0.8115 (U. 8.) apothecaries’ 
scruple. 

— 1.05^ (U. 8.) liquid quarts. 
-0.26417 (U. 8.) g^lon. 
=0.11351 (U. 8.) pock. 
-2.83774 (U. 8.) bushels. 


1 ounce =29.574 cc. 

1 dram =3.6967 cc. 

1 scruple = 1.2322 cc. 

1 quart =0.94636 liter. 

1 gallon =3.78643 liters. 

1 peck —8.80982 liters. 

1 bushel =0.35239 hectoliter. 


Masses 


1 gram —15.4324 grains. 

1 gram — 0.03527 avoirdupois ounce. 

1 pram — 0.03215 troy ounce, 

1 xQogmm — 2.20462 pounds (av.) 

1 kilogram - 2.679’23 pounds (troy). 


1 grain — 0.06480 gram. 

1 ounce (av.) —28.3495 grams. 

1 ounce (troy) -31.10348 grams, 

1 pound (av.) — 0.45359 kilogram. 
1 pound (troy) - 0.37324 kilqgram. 


"T^le of Equiv^en^ U. 8. Bureau of Standards. 
Md Measures see Van Nostrand’s Chemical Annual. 


'For British Imperial Weights 


The system 
ate veig^ed. 


Avoirdupois Weight 

of weights in ordinary use by which common 




,,v 


or heavy artiolea 


16 drams -1 ounce - 28.36 grams. 

16 ounces -1 pound =453.69 grams. 

25 pounds —1 quarter — 11,34 kilograms. 

4 quartera-1 hundred weight- 46.360 kilngntmu. 
1 avojtdupois pound contains 7000 grains. 

1 avoirdtqiois ounce contains 437Jf grains. 
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ApoUiecaries* Weight 

The system of weights employed in weighing medicines. 

1 grain - 0.0648 gram. 

20 grains •• 1 scrupie » 1.206 grains. 

3 scruples »1 dracnm •• 3.888 grains. 

8 drachms "I ounce «> 31.103 grams. 

12 ounces ~1 pound *-373.236 grams. 

1 apothecaries’ (or troy) pound contains 6760 grains. 
1 apothecaries’ (or troy) ounce contains 480 grains. 


Fluid Measure 

1 minim •* .06161 eubio centimeter. 

60 minims =1 fluid drachm ■= 3.696 cubic cent^eters. 

8 fluid drachms-=1 fluid ounce *- 29.673 cubic centimeters. 

16 fluid ounces =lpmt =473.179 cubic centimeters. 

8 pints •= 1 gallon *• 3.7^ liters. 

1 gallon contains 231 cubic inches. • 

The minim, fluid drachm, fluid ounce and pint are the fluid measures employed 

by apothecaries. 

Other Data 

1 cubic foot of water weighs 62.37 pounds. 

1 gallon (U. 8.) of water weighs 8.33 pounds (the British gallon is 20% more than 

the U. S.). 

1 liter of water weighs approximately 2.2 pounds. 

Areas of Plane Figures 

Area of any triangle = | base multiplied by the altitude. 

Rectangle. Area = base multiplied by altitude, i.e., multiply the length of one 
side by the length of a perpendicular side. 

Parallelogram. Area -* multiply the length of one side by the vertical distance 
to the parallel side. 

Trapezoid. Area = multiply half the sum of the parallel sides by the perpendicu¬ 
lar distance between the two. 

Circle. Area = 0.7854(f, or irr* or \Cr, or \Cd. 

T = 3.1416, r = radius, C = circumference, d •» diameter. 

Volumes of Solids 

Regular Prism. Area *- ^nroA, or Bh. 

n » number of sides, r -* perpendicular from center of base to mdes of the 
base, h -* height of prism, B =■ area of base. 

Lateral area -> 2xrA. 

Rh^t Circular Cylinder. Volume - tn^h also Bh. Lateral area = 2TrA. 

Regular pyramid. Volume — J altitude multiplied by area of base. 

Right Circular Cone. Voliflne «* Imrk. Latei^ arra » *r«. 
r ■« radius of base, s - slant height or Vr* + A*. 

Sphere. Volume » iisin*, or 4.189r*. Area =- 4i* or S.lAlfld*. 

Bwrel or Cask, ^proximate gallons » .0034n*A where n > mean diameter of 
barrel. A - hei^t, botii measurements in inches. 
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XXn.-A TABLE OF CONSTANTS 


All VotamM of Omm Md Vitpora gtyen %t 60* F. And 80'' prcnure. 


THS VlflTSD OAS 




CwbontoCO 
OttMtoCOi 
CutoolUeOi..* 
H^lroton... 
Motlniie.... 

BthAM. 

Pr^AM. 

BUtASA.. 

FnBtAIM..... 

HnAoe. 

BtlxjrtsiM.... 
Propjrtena... 

ButitaM. 

Amylene.^ 

AoitylADe ■. •. 1 

AUytaM..^ 

Orotonytone.. 

Boaitne.J 

ToluoM. 8 

XyloM.. e 

MMltylene.... ^ 
NApbthAlene.. 
Hydras Bui. 

AmmoniA. 

Rydfoey. Aold. 
CyADOBAB. ... 
Carbon Bi*8tti. 
MtUkylAle.... 
Xtbyl Aloohol. 
GATbonloAeid. 

WaMt. 

Bulgur DIox. 

OxyBon. 

Nltrom. 

Air. 


O I 
o 

CO 

K 

+ CH# 

E g CiHi 
to CUit 
0 C«R}ft 
CiH» 

i jr C(iHt4 
^ C|H 4 
O C«H« 

S r c4Ht 

4 CiHit 
tzT GiHa 

CUI 4 
\ C4H4 

S I 

S CtHi 
% CiHi# 
cf CfHtt 
CieHi 
HiB 
NHt 
RCN 
CiNl 
C81 
CR4O 
GiHiO 
COt 
HiO 
8O1 
O 
N 


AUTHORITIES AND METU. 
c 

In Odurnn IX. Om flium ilvas in Hempel'g “ Om Antlyiia.'* p. 876. were aeleetad for the fundAmentAl wtight 
of Oxym. Nltfogw. Hydrogen. CArbonle Oxide and Air. 

Tbi tormulA uaed for the conversion to EngUeh unite, le-ifraine per liter At 0*C* And 760 initt.X.069a3 
« pMinds per ou.ft. At 00* F. and 30" pressure. The derlvatton of the faetor employed fa 

M.316X.OOMO*6X 80.00X 40a 


The weUhte of the eoapwad i 


I are OAlealated from theae data by Avogadro’e law. 


Column XV. Is eeteulatod by the formula; ^ llgurm thns obtabiod agree with 


the tteoNtteat fotmuiA: 
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FOR C3ERTAIN GASES AND VAPORS 


IMPBOVaUMHT COItPAKY 


Ttie Teaperatim of l^odneta of Combuitloii ts radooed to 18* O. * 84.4* F. 



tion Combustion, 



SI I 

t'80 Per Per 
Cu.Ft. Pound. 


... CO-2.333+ 


8.000 . 

2.250 . 

1.800 . 

1.686 . 

1.562 . 

1.500 . 

1.466 . 

1.286 . 

1.286 . 

1,286 . 

1.286 . 

0.682 . 

0.800 . 

1.800 . 

0.682 . 

0.782 . 

0.848 . 

0,900 . 

0.663 . 

0.629 SOi-1.883 
1.688 N~0.823 
0.333 N-0.618 

... N~0.638 

... 80S-1.684 

1.126 . 

1.174 . 


+188.4 +1888. 


+108.1 +2486. 
+186.0 +1718. 
+167.2+1436. 
+202.2+m7. 
+227.8 +1186. 
+290.9 +1278. 
-12.8 -174. 
+16.8 +138. 
+60.7 +842. 
+113.7 +614. 
-227.5-8800. 
-188.8-1784. 


-47.3 -230 
+16.7 -68 


+2.8 +7. 


OwboatoCO 
CwbontoCOi 
8 CarbonfeOx. 

Hydroceft 
6 Metiumc 
6 BthaiM 
8 ProptM 
8 BUttM 
2 Pwiant 
4 Hmiie 
2 Btbylene 
I PropytoM 

6 ButyteM 

1 AmylMW 

7 AoetyleM 

2 AnrtoM 

CrotoBjieM 

8 BenMM 
8 TolutM 

Xyl6M 

SidcKtyteM 


+22.6 +250.0 HydragMiBilL 
"*.7+1260.0 AmmoBla 
.1 -1832.0 Bjrdroejr. bold 
.2-3278.9 CmofW 
.0 -616.0 CMboB BUM. 
.4 +2884.6 MetbH Ale. 

.6 +2288.0 Ethyl Atoobol. 
.1 +M78.1 GarbonloAoM 
.1 +6870.4 Wbt« 

.8 +1800.1 Bulgur DIox. 

.Oxyiw 

.. NitibM 

.Air 


ODB OF CALCULATION. ^ 

C(AuiDOi V. and VL are taken ebiefly from Lunte'e “ Coal Ter end Ammonia.** 

Column VXI. !■ from aanot*s ** Phyetee.*’ edition 1898, page 445. 

Ccdomn X. and XXIII. are from Julius Tbomsen'e ** Thermoohemlcel InveeUgeUoM.'* aaA 
traaetoted Into Entf lih unite in oolumns XI.~XIX. and XXIV.-XXV. 

OolUDua XIU. and XVIXl. are csUoulated on tlw emumptlon that 
atr-SO.8% ozyien+79.1% nitrogen by VNimm. 

■lr>33.U% 0iTia.|-7«!87» BUnfU »» Wtim. 
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XXIII.—SPECIFIC GRAVITY OP GASES' 


C/ubon oxssulphide.. 


Hydrobromic acid. 


Hydrogen sclenide.... HiS( 
Hydrogen sulphide.... HiS 

Hydrogen telluride_ HiT 

Krypton. Kr. 

Methane. CH 4 

Neon. Ne. 



Molecular 

Spedflo Qravlty. Air=-1. 

Formula. 

Weight. 

CiUcttlsted.' 

Obeerved. 

C,H,. 

26.026 

0.8993 

1.0000 

0.9056 

NH,. 

17.034 

0.5856 

0.5971 

A. 

39.88 

1.3780 

1.379 

AsH,. 

77.984 

2.6933 

2.695 

Br,. 

159.84 

5.5230 

5.524(227.9“) 

CAo. 

58.10 

2.0075 

2.01 

CO,. 

44.005 

1.5205 

1.52908 

CO. 

28.005 

0.9677 

0.96716 

COS. 

60.065 

2.0754 

2.1046 

Cl,. 

70.92 

2.4.505 

2.4901 

C,N,. 

52.03 

1.7977 

1.8064 

C,H,. 

30.0.58 

1.0.386 

1.0494 

C,H,. 

28.042 

0.9689 

0.9852 

F,. 

38.0 

1.3130 

1.26 

He. 

4.00 

0.1382 

0.131 

HBr. 

80.928 

2.7963 

2.71 

HCl. 

36.468 

1.2601 

1.2681 

HF. 

a).008 

0.6913 

0.7126 

HI. 

127.928 

4.4203 

4.37.57 

H,. 

2.016 

0.06965 

0.06952 

H»Se. 

81.216 

2.8063 

2.795 

HnS. 

34.076 

1.1774 

1.1906 

H,Tc. 

129.516 

4.4752 

4.489 

Kr. 

82.92 

2.8252 

2.868 

CH.. 

16.037 

0.5541 

0.5545 

Ne. 

20.2 

0.6980 

0.6963 

NO. 

30.01 

1.0370 

1.0367 

N,0. 

44.02 

1.5210 

1.5298 

N,. 

N,+A etc.. 

28.02 

0.9682 

0.96737 

0.97209 

NO,. 

46.01 

1.5898 

1.60(135“) 

Nrf),. 

92.02 

3.1788 

2.65(26.7“) 

NOCl. 

65.47 

2.2622 

2.31 

0 ,. 

32.00 

1.1057 

1.1053 

PH,. 

34.064 

1.1770 

1.1829 

C,H,. 

42.063 

1.4534 

1.498 

SiF,....... 

104.3 

3.6039 

3.60 

SO, . 

64.06 

2.2135 

2.2638 

X . 

130.2 

4.4988 

4.526 


Weight In 
Qmneof 1 
liter at 0°, 
760 mm. at 
Sea Level. 
Ut. 460.* 



2.5949 

1.9654 

1.2.508 

2.6827 

3.1675 

2.3338 

1.3425 

1.2524 

1.6972 

0.1786 

3.6145 

1.6288 

0.8936 

5.7137 

0.09004 

3.6274 

1.5220 

5.7846 

3.7035 

0.7163 

0.9022 

1.3404 

1,9661 

1,2515 

1.25718 

2.0550 

4.1099 

2.9241 

1.4292 

1.5214 

1.8787 

4.6584 

2.8611 

5.8152 
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USEFUL MEMORANDA 
Qas Calculations 

Conversion Formulae for Gas Volumes. Conversion from existing to stand¬ 
ard conditions, 

_ V' X 273 X (P - to) 

273 -I- < X 760 ■ 

Gas at standard volume to new conditions of temperature and pressure 
V X 273 -K X 760 
273 X (P - w) • 

V = standard volume, V = volume under other conditions of temperature and 

pressure (other than 0® C. and 760 mm. Hg pressure). 

I = temperature of the gas, P = barometric pressure in mm. Hg + static pressure 
of the gas. w = water vapor pressure at temperature and pressijre that 
the gas is measured or to which it is to be converted. 

Petot Formulae for Measuring the Velocity of a Gas in a Flue. 

A. Simple formula for fair approximations V = 42^1 h. 

B. More exact formula V = 1290 . 

BM 

V — velocity in feet per second, h = gauge reading in terms of water, i.e., the 

total diiferentid in terms of vertical reading. In a gauge inclined 1 : 10,. 
with ether in place of water, 10" differential = 10 X .72 + 10 =» .72. In the 
formula B ^ the reading is taken as the deflection due to velocity pressure 
is half the total deflection (proven by repeated tessts, suction is producted 
by the gas flow on the straight petot arm). Allowance is made for this in 
formula A. I - temperature of the gas measured. B = barometric 
pressure -f plus static pressure of the gas in terms of inches of mercury 
(air standard 29.92"). M — speciflc gravity of the gas compared with the 
hydrogen molecule Ht = 2.016. 

To obtain the specific gravity of a gas, multiply the molecular weight of each 
constituent by its per cent ratio in the mixture, divide by 100 and finally divide the 
sum of these results by 2.016. 

Examples. The sp.gr. of a gas having the composition 87% nitrogen, 5% oxy¬ 
gen, and 8% sulphur dioxide we would find 

28.02 (N,) X 87 + 100 = 24.38 
32.00(0,) X 5 “ = 1.6 

64.06 (SO,) X 8 “ - 5.12 total = 31.1 sp.gr. =“ - 16.42. 

The sp.gr. of air containing 78% nitrogen, 21% oxygen, 1% argon would be 

28.02 X .78 - 21.86, 
w rm V 01 = ft 70 

39!88 X ’l = OA ’ total = 28.98 sp.gr. = 14.38. 

Consult table XXIII. 

The gram molecular weight of any gas occupies 22.4 liters. 
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Definitions 

Beat 

Calorie is 1/100 of the heat required to raise the temperature of one gram of 
water from 0° C. to 100° C. 

One kilogram calorie 1000 gram calories or 3.968 B.t.u. 

Laterit heal of evaporation is the quantity of heat required to convert 1 gram of a 
liquid into vapor without change of temperature. 

Latent heat of fusion is the quantity of heat required to change a gram of the 
substance from a solid to a liquid state without changing temperature. 

Specific heal. The British thermal unit(B.t.u.) =• l/180partof the heat required 
to raise the temperature of one pound of water from 32° F. to 212° F. 

Specific heat of a body is the quantity of heat required to raise the temperature 
of a unit weight of that body one degree, C. 

• 

Photometry 

Lux. This is the practical unit of illumination and is the light received from a 
source of 1 meter distance. 

Fool-candle. This is the illumination receivea by a standard candle at one foot 
distance. The candle loses in burning 120 grams per hour. 

1 foot-candle = 10.76 lux. 

Caridle-power. The comparison of the illumination of a light with one standard 
candle. A simple method for determination is to place the light and the 
burning candle 60 inches apart (2 meters and IW inches distance also 
taken). A screen with a spot of oil is so placed between the lights as to 
receive a uniform illumination on each side, which is readily seen by 
the spot. The square of the distance from the screen to the light tested 
divided by the square of the distance from the screen to the standard , 
candle > the candle-power of the light. When gas is tested the flame 
is so regulated that it burns 5 cubic feet of gas an hour. The standard 
candle burns 120 grams per hour as stated above. 

Units in Electricity . 

Ampere is the unit of current flow. An ampere will deposit from a silver nitrate- 
solution 1.118 milligrams of silver (.001118 g.) per second. 

Coulomb istthe unit of quantity. One coulomb will deposit .001118 g. Ag (time 
factor not considered as in case of ampere). 96,494 coulombs will 
deposit the gram equivalent of an element from a solutionof its salt, i.e., 

107.88 grams of silver, grams of cupric copper Cu’*"'’ of ferric 
2 3 

55 84 

iron Fe"*^, 63.57 of cuprous copper Cu+, —— gram of ferrous iron 

Fe''^, etc. One gram equivalent of an element carries 96,500 (round 
num^rs) coulombs. 

Electromotive force —E.M.F.—is the force causing eiectncity to move.. 

Erg. This is the unit of power and is the force which applied to the standard 
gram body would give that body an acceleration on cm. per second. 
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Dyne = the force which acting on one gram for one second produces a velocity 
of one centimeter per second. 

Jovle. This is the practical unit of electrical energy and is produced when a 
steady current of one coulomb per second, i.e., one ampere, passes 
through a resistance of one ohm for one second. 

Ohm. This is the resistance that is offered at 0® C. by a column of mercury 
106.3 centimeters long, being 1 square millimeter in cross section and 
weighing 14.4521 grams. 

VoU. This is the electromotive force which produces one ampere of current 
through a conductor having a resistance of one ohm. 

If any two of the factors are known the third can be found by the 
formula / = EjR; I = ampere current, E = electromotive force (volts) 
and B = ohms resistance. 

Watt. One watt is produced when one ampere of current flows under a pressure 
of one volt (E.M.F.). 

One watt = .00134 horse power, = 44.25 fot)t pounds, per minute, 
= 14.33 gram calories per minute, = .057 B.t.u. per minute. 

Watt-hour and kilowatt-hour are the units of energy used in commercial elec¬ 
trical work. 

Watt-hour = 3600 joules, = 2655.4 ft. lbs., = 859975 gram calories, 
= 3.412 B.t.u. = .001341 h.p. hr. 

One kilowatt = 1000 watts. 

Other Terms 

Foot-pound is the unit of work done in raising a weight of one pound through a 
distance of one foot. Work = weight multiplied by height, or force 
multiplied by distance. 

Horse power — 550 foot pounds. 

Specific gravity of a substance is the ratio of the weight of a given volume of that 
substance compared with the weight of an equal volume of water. 

a. Solid heavier than water. Weight of solid in the air divided by the 
difference between this weight and its weight in water >= sp.gr. of 
solid. 

h. Solid lighter than water. The weight of the solid in the air divided by 
this weight -t- the loss of weight of a sinker due to the buoyancy of 
the solid =» sp.gr. 

c. Solid soluble in water. Determine gravity in a liquid jp which it is 

insoluble whose specific gravity is known, multiply the gravity in 
terms of the liquid by the gravity of the liquid = sp.gr. in terms of 
water. 

d. Liquids. Compare with water by weighing in a specific gravity bottle; 

the bottle being filled with water is weighed, the bottle, drained and 
dried, is filled with the liquid and again weighed ; the weights are com¬ 
pared on subtracting the weight of the empty ^ttle. 

e. The loss of weight of an insoluble substance immersed in the liquid is 

divided by the loss of weight of the substance immersed in water 
- ep-gr- 

The specific gravity is determined by the hydrometer. See chapter on 
Acids, Volume 2. 
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■ 231 eu. m. —I gallon —3785.4162 g. 
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TABLES AND USEFUL DAT^ , 
INTER-C»NVEBSION TABLE 


1 

To Convert From 

Multiply by 

Lbs. perSq. In. 

Tom per 8q. In. 

Kg. per Bq. Cm. 

M. Tone per 
Sq. Cm. 

Atmoepbma 

Lbs. per 8q. In.... 

1.00000 

.000446 

.070307 

.0.7031 

.068041 

Tons per Sq. In_ 

2240.00 

1.00000 

157.488 

.157488 

152.412 

KKh Per Sq. Cm_ 

14.2233 

.006350 

1.00000 

.001000 

.967768 

Metric Tons per 






Sq. Cm. 

14223.0 

6,34969 

1000.00 

1.00000 

967.768 

Atmospheres. 

14.6970 

.006558 

1.03329 

.001033 

1.00000 


1 gram = 15.43 grams 
1 gram = .0468 grams 
1 m. = 3.28 ft. 

The,above tables were obtained by courtesy of du Pont Nc Moon Company through 
the kindness of Dr. E. C. I.Atbrop. 
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03S ion 1106 
S67 lies 1430 
6T3 1TQ3 ma 


ntt^ 


12 3 

4 5 6 

7 S 9 

4 • 18 

17 81 85 

89 88^87 

4 8 11 

16 19 83 

86 80 84 

8 7 10 

14 17 81 

84 88 81 

8 6 10 

IS 16 19 

83 86 89 

8 6 0 

18 16 18 

81 84 8« 

8 6 8 

11 14 17 

90 89'86 

8 8 8 

11 18 16 

18 81 94 

8 8 7 

10 18 16 i 

17 80 88 

8 8 7 

9 18 14 

16 19 81 

8 4 7 

9 11 18 

16 19 80 

8 4 6 

8 11 18 

16 17 18 

8 4 6 

8 10 18 

14 18 19 

8 4 6 

8 10 18 

14 16 17 

8 4 6 

7 9 11 

18 66 17 

8 4 8 

7 9 11 

18 14 18 

8 8 8 

7 9 10 

18 14 16 

8 8 6 


11 18 16 

8 8 6 

8 mi 

11 18 14 

8 8 6 

6 8 9 

11 18 14 

1 8 4 

6 7 9 

10 18 18 

1 a 4 

4 7 9 

10 11 18 

1 a 4 

4 7 3 

10 11 18 

13 4 

4 7 3 

9 11 18 

13 4 

<44 

9 10 18 

13 4 

<44 

9 10 11 

13 4 

<47 

9 10 11 

13 4 

<47 

8 10 11 

13 3 

<47 

8 0 10 

13 3 

<47 

8 9 10 

13 3 

4 4 7 

8 9 10 

18 8 

4 6 6 

8 9 10 

18 8 

4 6. 6 

7 9 9 

18 8 

4 6 6 

7 8 9 

18 8 

4 6 8 

7 8 9 

1 8 8 

4 6 8 

7 8 9 

. 


« ft ft 

18 8 

1 8 8 

4 4 4 

1 m W 

7 7 8 

1 8 8. 

4 I < 

6 7 8 

18 8 

4 4 t 

8 7 9 

Its 

4 41 

^ • 

13 3 

3 4 I 

7 » 

1 t 3 

3 4 «' 

i'.|l«7 1 

1 t t 

14 4 

9.7 f 

lit 

3 -4 i 

rt f 

' 1 I I 

3 * » 

1 1 4 
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LOGARITHMS 


colog 60 = aa218-10 


log .55 = 9.740«-10 
colog .55 0.2596 


7404 741t 7419 7437 74S5 
7433 7490 7497 7505 7613 
7669 7666 7674 7583 7689 
7634 7643 7649 7667 7664 
7709 7716 1733 7731 7786 


7763 7769 7796 7603 7610 
7666 7660 7868 7675 7883 
7934 7931 7938 7948 7968 
7993 8000 8007 8014 8031 
9063 8069 8075 6082 6089 


6199 6169 6143 6149 6156 
8196 6901 8809 6315 6223 
1991 9967 9274 6380 8387 
6696 6681 6866 6644 6851 
6816 6695 6401 6407 6414 

1411 MtT «46S MTO MT4 

uu uia US9 U31 mi 

•618 8618 8686 88U •691 
1888 8638 8646 8661 6661 
•689 8888 8104 8110 8116 


8164 8111 8168 8114 
r.'; 8814 8m H86 SSSl 
•••8 ini Uie 8888 8881 
1881 8881 '8888 8838 8843 
••14 lasa 1881 8883 8988 


•041 «m 80U 8841 9083 
oail 8080 8084 8101 8108 
4144 4Ua 4148 8tM aiM 
8181 4184 mi 8806 8818 
•Ml 8848 9848 8888 8888 

4984 8m 4404 8808 8818 
8848 8460 8888 8m 9848 
8888 8400 8404 8410 9414 
•448 8480 8448 8448 8468 
•484 8484 8884 8608 8818 


8itt 8841 8881 8881 8664 
im 8846 8800 4408 1608 
8668 aeu 8441 8868 8661 
9486 am 8884 8m 8108 
•m 8184 1141 4146 *160 


PROPORTIONAL PARTS 


1443 1461 1469 1466 1414 
1630 1626 1636 1643 1661 
1891 1904 1612 1619 1621 
1612 1618 1686 1694 1101 
1146 1168 1160 1161 1114 


1118 1826 1132 1838 1846 
1389 1886 1903 1810 1811 
1868 1966 1913 1980 1981 
3023 8038 6041 8048 3066 
6086 1108 8108 8116 6188 


6168 1169 1116 6168 8168 
8226 8236 6841 3846 3264 
8893 3889 8306 8319 8818 
•331 8333 3810 8316 6388 
•m 8486 8438 8488 8446 

•489 aiaS 8484(8600 8606 
6646 6648 8666 6661 8661 
6603 3308 8616 1681 8681 
•663 3666 6616 1661 6666 
•129 8181 8188 6138 8146 

8118 8186 8161 8181 8608 
8861 8848 8818 8864 8668 
•896 6m MOl 8910 8816 
8849 aSM 1800 8866 OKI 
9004 9008 BOW am 4 046 

8066 8063 8068 

•118 9111 9188 

9188 9110 8116 ytTr 

9911 8884 

4889 9411 

4m 

4810 

•m 9486 f 

'9469 fWl 9411 iCtTrtl 
8118 am 8484 4646 8661 

•864 4611 46T4 tol 4m 
•414 4418 4484 4m MOt 
4641 4484 4811 4416 4484 
41014118 nil 4181 wn 
8164 4164 net vm 
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iaa 

0 10 3 4 

S 6 7 8 • 

i MtOIWilTlon4L PARTS. | 

10 3 

4 0 6 

T 8 • 

.oc 

UOO 1005 lOOi lOOT 1000 

1018 1014 101$ 1019 1091 

0 0 1 

1 1 1 

0 0 0 

Al 

1051 1050 1055 1030 1033 

1096 1099 1040 1040 1045 

0 0 1 

1 1 ] 

0 0 0 

M 

1007 1030 1035 1031 1037 

1069 1063 1064 1067 1069 

0 0 1 

1 1 ] 

0 0 0 

.09 

1070 1074 1076 1079 1061 

1084 1086 1089 1091 1094 

0 0 1 

1 1 1 

0 0 0 

Ai 

1050 1055 1105 1101 1107 

1109 1110 1114 1117 1119 

0 1 1 

1 1 0 

a t > 

.05 

1155 1153 1157 1130 1135 

1185 1188 1140 1148 1146 

0 1 1 

113 

0 0 0 

M 

lltt 1161 1166 1156 1159 

1161 1164 1167 1169 1170 

oil 

1 1 i 

0 0 0 

M 

1176 1178 1190 1168 1166 

1U9 1191 1194 1197 1199 

0 1 1 

1 1 i 

0 0 0 

M 

1800 1006 1006 1211 1219 

1916 1319 1333 1285 1837 

0 1 1 

1 0 0 

0 0 8 

M 

1090 1099 1296 1089 1040 

1845 1247 1350 1359 1856 

oil 

110 

> > t 

.10 

1089 1860 1865 1868 1071 

1074 1076 1079 1388 1016 

« 1 1 

1 1 > 

0 0 9 

.11 

1555 1551 1554 1557 1300 

1909 1906 1809 1810 1815 

0 1 1 

1 0 0 

> > > 

.la 

1010 1901 1304 1827 1890 

18U 1337 1840 1849 1346 

0 1 1 

1 0 0 

at a 

.10 

ISjMtfO 1855 IS&I 1861 

1966 1868 1371 1874 1977 

0 1 1 

10 0 

a a a 

M 

18^B^199T 1890 1899 

1996 1400 1408 1406 1409 

> 1 1 

10 0 

a a a 

.15 

1419 1416 1419 1408 1406 

1439 1480 1435 1499 1440 

0 1 1 

10 0 

a a a 

.10 

1446 1449 1469 1466 1469 

1468 1466 1469 1470 1476 

0 1 1 

1 > > 

a a a 


1479 1469 1466 1469 1499 

1496 1500 1509 1507 1510 

0 1 1 

10 0 

a at 

40 

1614 1617 1691 1504 1508 

1581 1595 1538 1540 1545 

0 1 1 

1 > > 

a a a 

J9 

1545 1335 1535 1350 1305 

1567 1570 1674 1576 1551 

0 1 1 

10 0 

a 1 a 

•M 

1553 135413n 1355 1600 

1608 1607 1611 1614 1610 

0 1 1 

1 t > 

a a a 

J1 

1688 1606 1609 1689 1687 

1641 1644 1646 1650 1656 

0 1 1 

0 0 0 

tat 

JO 

1000 1003 1657 1671 1573 

1679 1688 1617 1690 1694 

t 1 1 

0 10 

a a a 


1699 1700 1706 1710 1714 

1711 1729 1786 1730 1784 

0 1 1 

> it 

a a 4 

. JO 

1735 17U 1746 1730 1734 

1751 1769 1766 1770 1774 

oil 

» #» 

a a 4 

.25 

1776 1736 ITN 1751 1753 

1700 1106 1107 1111 1616 

0 1 1 

0 0 0 

a a 4 

M 

1900 1904 1901 1880 1997 

ml IIU Itu 1354 1333 

0 1 1 

0 0 0 

0 9 4 

sn 

1660 1966 1971 1979 1679 < 

1334 IMt 13M UBT IMl 

0 1 1 

0 0 8 

9 9 4 

JO 

ll06 1910 1014 1919 1909 

1991 1938 1986 1941 1945 

0 1 1 

too 

a 4 4 

JO 

1060 1064 1960 1068 1968 . 

1970 1977 1910 1916 1991 

0 1 1 

0 0 9 

a 4 4 

.50 

1996 0000 0004 0009 0014 

toil 0009 0009 0090 9007 

0 1 1 

0 0 9 

a 4 4 

J1 

ooa 0060 0061 0060 0061 

0065 9070 0075 0060 0064 / 

0 ] 1 

> > > 

a 4 4 

JO 

0060 OOH 0099 0104 0109 

Olio Oils 0101 0106 0180 

oil 

0 0 9 

9 4 4 

JS 

6136 6146 5146 6136 5136 

uat >133 )1TS >171 >11* 

0 1 1 

0 0 9 

a 4 4 

Jt 

(•166 6166 6166 5505 5556 

.Jt 

Hit MU m MM HM 

110 

0 9 9 

4 4 1 

M 


MM >>7» >>7i MM Mtt 

lit 

0 9 8 

4 4 1 ' 

M 

1666 1566 1501 5107 5115 

0017 0800 8986 0888 0999 

1 1 > 

> > t 

4 4 1 


MSA OUO MUL tan tttt 

HTl MTT MM HU MM 

lit 

> > > 

4 4 1 

JO 

5556 5406 5410 5411 5451 

>4>7 >U> >4U MM >4M 

1 1 > 

> > > 

4 4 1 

JO 

tW 5415 5466 5471 M77 

t4H tW> >4H MW MM 

1 1 t 

0 8 9 

4 f 1 

.40 

5115 5515 5555 5556 5651 

>341 >MT >31> >33> >3M 

1 1 > 

> » 4 

4 11 

41 

5370 5575 5565 5565 5iM 

tow MM Ml> Mlt >3M 

lit 

> t 4 

4 11 

JO 

5550 5556 55a 5545 5555 

0661 0667 0078 0679 9661 

1 1 0 

> > 4 

4 18 

41 

I6M 1666 6706 1716 ri6 

RM MM tlH >rU >7M 

* i 1 

> > 4 

4 18 

41 

6756 1161 fIR im 6760 

tTM RH RN >M3 HU 

1 t f 

> t 4 

4 18 

41 

1616 1611 5661 lOM MM 

>HI ilM >M3>Rl mtt 

lit 

8 9 4 

a a *8 

^40 

•6M 6661 1667 56666111 

MIT MM >H1 >H> MM 

lit 

> t 4 

f a 1 

,45 

MH toil M6 I6^,|M6 

mhMm »m ion mu 

1 1 > 

t a 4 

3 11 



MM MM MM >HI MH 

lit 

>4 4 

3 a 8 

JL 

Mi6i6*rn66 6iuim 

MM MH >141 MM tlM 

1 t > r 

>44 

18 8 




6 


ANTILOGARITHMS 


.80 

8169 

8170 

8177 

3184 

31S 

.51 

3836 

3243 

3251 

3266 

32C 

.68 

3311 

3319 

3327 

3334 

334 

.68 

8338 

3396 

3404 

3412 

342 

.64 

8467 

3476 

8483 

3491 

842 


I S64I S556 3565 3578 3531 
I 8631 3639 3648 3656 8664 
I 3715 3784 3733 3741 3750 
j 8803 8811 8819 3888 8837 
I 8890 3890 3808 391? 8886 


3081 3990 3999 4009 4018 
4074 4083 4093 4108 4111 
4169 4178 4186 4198 4207 
4866 4876 4885 4805 4305 
4865 4875 4385 4395 4406 


446? 4477 4487 4498 4508 
4571 4581 4508 4603 4618 
4677 4688 4699 4710 4781 
4786 4797 4808 4819 4831 
4898 4009 4990 4939 4943 


I 5018 6033 5085 5047 5058 
I 5189 5140 6158 5164 5176 
5948 5860 5878 6884 5897 
5870 5888 5881 5408 5480 
: 5495 5508 5581 5504 5546 


I 5688 5686 6649 5668 5675 
I 5754 5761 5761 5794 6808 
I 6861 6908 5916 5929 6943 
6086 6089 6053 6067 6081 
I 6166 618# 61M 6209 6228 


5 6 7 8 9 


3199 3206 8814 8821 3288 
3273 8231 3289 3896 3304 
8350 3357 3365 3373 3331 
8428 3436 3443 3451 3459 
3508 3516 3584 8688 8540 


■ I l l- 3697 3606 3614 3683 
3673 3661 3690 3698 8707 
8768 3767 3776 3784 3793 
8846 8855 3864 3873 3888 
3936 8945 8954 8963 3978 


4087 4036 4046 4055 4064 
4181 4130 4140 4150 4159 
4817 4387 4836 4246 4256 
4815 4325 4335 4345 4356 
4416 4426 4436 4446 4457 


4519 4629 4539 4550 4660 
4694 4634 4645 4656 4667 
4732 4742 4753 4764 4775 
4M2 4853 4664 4675 4867 
4955 4966 4977 4989 5000 

8070 5089 5098 6105 6117 
6168 5200 6918 5284 5836 
5300 5381 6331 5346 5353 
6438 5445 6466 6470 5488 
6550 5573 6585 5591 5610 


mmmm 0716 8788 5741 

5881 8834 8848 6861 5676 
6967 5970 5084 5998 6018 
6095 6109 6134 6138 6158 
6837 6858 6866 6881 6896 


PROPORTIONAL PARTS. 


mo esM mo eass earn 
Ota? 6471 0410 eaoi mo 


om 0770 (TM toot 4010 

IIU 0004 0000 toot tots 


1 7070 7000 Tilt 7100 7146 
7044 7m 7071 7096 7611 
7410 7400 7447 7464 7460 
!r660 7600 7001 7010 7060 
1700 7710 7700 7010 7IM 


TItt ‘Nm 7000 TtU M17 
IIU 0147 0100 0116 0004 
mo 0037 0060 1676 1306 
mi 0601 0661 0670 0600 
mo 1710 0710 1770 1790 


HU MU 0064 l»r« Hit 
tin 0141 IlH IlH 0104 
HH HH 0071 0007 MU 
OUtHTt HNWli 0460 

im iTM mt oMo HN 


6487 6448 
6581 6546 6661 6577 6598 
6683 6699 6714 6730 6748 
6839 6356 6871 6887 6908 
6996 7016 7031 7047 7068 

7161 7178 71M 7811 7881 
7888 7345 7368 7879 7806 
7499 7516 7634 7661 7668 
7674 7691 7709 7797 7746 
7169 7870 7888 7807 7986 | 

•036 8064 8078 IviKlK'fl 
8888 8841 I860 8179 |8B9 
8414 6483 8468 9478 1498 
•610 8680 8660 8670 8680 ' 
mo 8131 8161 8878 ISli ; 

i:>K 8088 8067 8078 8009 
9996 9947 9369 MfO 8811 
9441 9468 9484 9801 9681 
9661 tOU 9708 |787 9760 
OMO 9868 foot 9164 8977 


1 1 8 

1 8 8 
18 9 

18 3 

19 8 

8 4 4 
8 4 5 
8 4 6 
8 4 6 
8 4 6 

a a 7 

8 6 7 
18 7 

8 17 

6 6 7 

18 9 

8 4 6 

17 7 

1 8 8 

8 4 6 

6 7 8 

18 8 

8 4 6 

6 7 8 

18 8 

4 4 6 

6 7 8 

18 8 

4 6 6 

6 7 8 

18 8 

4 6 6 

6 7 1 

1 8 8 

4 6 6 

7 8 8 

18 8 

4 6 6 

7 •a a 

1 8 8 

4 6 6 

7 8 9 

18 8 

4 6 6 

7 a a 

18 8 

III 

7 8 8 

18 8 

16 6 

7 a 10 

1 a 8 

1 6 T 

a 9 10 

18 8 

4 6 T 

0 1 10 

18 8 

6 0 T 

0 9 10 

111 

6 6 7 

a 111 

111 

6 6 7 

aao 11 

111 

6 6 7 

a 1011 

111 

6 6 8 

0 10 11 

111 

6 6 8 

0 10 u 

111 

6 T 1 

8 10 18 

10 1 

1 T 1 

8 11 18 

10 1 

1 T 1 

10 11 18 

111 

0 T 1 

10 11 18 

111 

17 8 

10 11 18 

111 

6 7 8 

10 la u 

111 

a a>8 

11 11 11 

III 

a a a 

11 U 11 

10 6 

a a a 

11 U 11 

III 

a a 10 

u uu 

lot 

7 a 10 

u u u 

• 0 I 

7 0 10 

U U 18 

111 

7 0 10 

U 1118 

III 

7 ail 

18 18 18 

III 

7 ail 

UUU 

a 1 1 

7 a 11 

UUtf 

a 4 a 

a a 11 

U U 17 

a 4 a 

auia 

U U 17 

a 1 a 

IIOU 

18 U U 

a 1 a 

a 10 u 

MUU 

, a-:i 

k a 1 

aiou 

u it ta 

ai 

La 1 

a 11 u 

UlTH 

a i 

L f 1 

a 1111 

uif 8 

a it 1 

ail u 

U UM 


r'l U 14 

um8 
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CX)MMON MINERALS 


Aluminum.A 1 . 

Andalusite.AljSiOs.Silicate of aluminum. 

Angicsite.l'bS()4.lend sulphate. 

Anthracite.Hard Coal. 

Antimony.Sb. 

Apatite.SCaaPjO*, CaFi ., .Phosphate of lime. 

Aragonite.CaCOo.Carbonate of lime. 

Argentite.AgjS.Silver sulphitle. 

Arsenic.As. 

Arsenolite.As»< Ij.White arsenic. 

Asphaltum. 

Atacamite.CuClj^CufOIDj.. Chloride of copper. 

Azuritc.Cu:i(()ll)!(COj)2... Blue carlH)natc of copper. . . . 

Barite.BaS()4.Barium sidpluite. 

Bauxite.AUOj^IUO.Ilvdrate oxide of aluminum. . 

Beryl.BcjAUSUOis.Silicate of beryllium. 

Biotite...,.Magnesia-iron mica. 

Bismuth.Bi. 

Bismuthinitc .. .BiA.Sulphide of bismuth. 

Bituminous Coal.Soft Coal. 

Bornite.CuaFeSj.Sulphide of co])per and iron.. 

Cadmium.Cd. 

Calamine.HiZiijSiOt.Silicate of zinc. 

Calcite.CnCOj.Carbonate of lime. 

Cassiterite.SnOj.Dioxide of tin. 

Cerargyrite.AgCl.Horn silver. 

Cerussite.PliCO.i.Carbonate of lend. 

Chalcocite.CujR.Copper glaiiec. 

Chaleopyritc_CiiFeS-.Copjx-r pyrite. 

Chromite.Fi'Crjt >4.Chromic iron. 

Chromium.Cr.... ■. 

Chrysolite.(MgFe)iSi()4.Silicate of magnesia ami iron. 

Cinnabar.HgS.Sulphide of mercury. 

Cobalt. 

Cobaltitc.CoAsS.Siilph-arscnide of cobalt. 

Copper.Cu. 

Corundum.AUOj.Oxide of aluminum. 


Specific 

Oravity 


Cuprite.CujO.Red coppiu ore. 

Cyanite.AljSiOi.Aluminum silicate. 

Diamond.C. 

Dolomite.(CaMglCOs.Carbonate of lime and magnesia... 

Enargite.CuAs.^. 

Epidote.HCaslAlFclaSiiOi.-!.Silicate of iron alumina and lime... 

Fluorite.CaFj.Fluor spar. 

I Franklinite.Oxide of zinc, manganese and iron. . 

Galena.PliS.Sulphide of lead. 

.. 

.Au.... 

te.C.4.. 

Gyt»um.CaSo 4 -|- 2 H! 0 ... .. .Sulphate of lime. 

Hematite.FeiO».Red oxide of iron. 

Ice.HjO. 

lodvrite.*. Agl.Iodide of silver. 

Iriaium.Ir.,.. 

Iron.Fe.. 



2.60 

. 3.16- 

3.20 

. 6.12- 

6.39 

. 1.32- 

1.70 


6.71 

• 3.17- 

3.23 


2.94 

! 7.20- 

7.36 


.5.73 

' 3.70- 

3.72 

. 1.0 - 

1.80 


3.75 

! 3.77- 

3.83 

. 4.3 - 

4.6 

• 

2.,56 

. 2.63- 

2. S 0 

. 2.70- 

3.10 


9.80 

. 6.4 - 

6.50 

. 1.14- 

1.40 

. 4.90- 

5.40 


8.60 

! 3.40- 

3..50 


2.7 

! 6.8 - 

7.10 


5.55 

! 6.46- 

6.67 

. .5.5 - 

6.8 

. 4.1 - 

4.3 

. 4.32- 

4.,57 


6.60 

'. 3.27- 

3.37 

. 8.0 - 

8.2 


8.6 

; 6.0 - 

8.30 

. 8.8 - 

8.90 

. 3.95- 

4.10 


3.00 

.' 5.8.5- 

6.15 

. 3.56- 

3.67 

3..50 

! 2.80- 

2.90 

• 

4.45 

! 3.25- 

3.6 


3.2 

.' 5.07- 

6.22 


7.43 

! 3.15- 

4.3 




1.5.6 -19.3 
2.09- 2.23 
2.3 

4.9 - 5.3 
0.916 
5.6 - 5.7 
22.42 
7.86 


55 
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TABLES AND USEFUL DATA 


COMMON MlNEllALS—CWinwe/i 


Kaoliiutc.2IljOAljOa2.SiOs.. .Silicate of alumina. 

Laid.I'l). 

LimoiiiU!.21'ViOa:511jO.Brown oxide of iron. 

Mauncaitc. MkCos .Carlionatc of magiasia. 

Ma|>n(;litc.I'cO, KojOj.Magnetic oxide of iron. 

Malacliitc.CuilOIlliCOs.Crcicn carljonatc of copjwr. 

Mangaiuw.Mn. 

Mangaiiite.M'liOaHjO.Hydrated manganese o.xide. . . . 

Monazitc. 

Marcasite.f'eSj.White iron pyritc. 

Mercury.ilg. 

Millerite.NiS.Nickel sulphide. 

Mimetite..SI’BjAsjtIsPbCL.. ,ljea<l ars(umtc. 

Muscovite.H-aKA1 j(SiOi) j.I’of ash mica. 

Na|)htha. 

Niccolite.NiAs.Nickel arsenide. 

Nickel.Ni. 

Opal.SiOjiiHaO. 

Orpiment.AsjSj.Yellow ,sul|)hide of arstuiic. 

Orthoe.las<a.KAlSijOj.Potash fi'Idspar. 

Ozoceriti!.Mineral wax. 

Palladium.Pd. 

Platinum.Pt. 

Proustite.AgjAsSj.1 ,ight red silver ore. 

Pyrarg,vrite.AgjSliS.,.Dark red silver ore. 

Pyrile.KeSj.Iron sidphide. 

Pyrolusitc..MnOj.Dio.xide of manganese. 

Pyromorphite.. .dPhaPjOaPhCL... .Lead phosphate. 

Pyrrhol ite.PcnSia.Magnetic pyritc. 

Quartz.SiOj. 

Ucnigar.AsS.Red sulphide of arsenic. 

llhodochrosim .MnCoj.Carbonate of manganese. 

Rhodonite.MbSiOj.Silicate of mangaiurse. 

Rutile.Tit )j.Dioxide of titanium. 

Serpentine.ll 4 Mg.»Sij 05 .Silicate of magnesia. 

Sideritc.KeCOj.Carbonate of iron. 

Silver..^g. 

Smaltile.Co.Xsj.Arsemide of cobalt. 

Smithsonite. . . .ZnCoj.(’arl«)nate. of zinc. 

Sphalerite.ZnS.Sulphide of zinc. 

Spinel.MgAljOt.Aluminate of magnesia. 

Stephanite.AgsSbS 4 .Bril tie silver. 

Stibnitc.Sb.iS,i.Sulphide of antimony. 

Sulphur....;.. .S..... 

Svlvanite.(An, .\g)Te.'I’elluride of gold and silver. 

Talc.HjMgiSi(On.Silicate of magnesia. 

Tephroile.MnjSiO,.Silicate of manganesr;. 

Tetrahcdritc... .4C\i2S, SbjSa.Gray copper. 

tin.Sn. 

Topaz.Fluo-silicate of alumina. 

Tourmaline.Silicate of alumina, iron and magnesia 

Willemite.Zn^SiOj.Silicate of zinc. 

Wolframite.(Fe, Mn)\V 04 .Tungstate of iron and manganese. ... 

Wulfenile.l’l)Mo 04 .MolyMatc of lead. 

Zinc.Zn. 

Zincite..ZnD.Zinc oxide. 

Zircon.ZrSi 04 .Silicate of zcrconium. 


Specific 

Gravity 

2.6 

11.37 

3.6 - 4.0 
3.0 - 3.12 
5 . 1 ( 3 - 5.18 
3.9 - 4.0 

7.39 

4.2 - 4.4 

4.8 - 5.1 
4 . 85 - 4.90 

13.6 

5.3 - 5.6 
7.0 - 7.25 
2 . 76 - 3.0 
0 . 00 - 0.756 
7 . 33 - 7.67 

8.9 

1.9 - 2.3 

3.4 - 3.5 
2 . 46 - 2.6 
0 . 8 . 5 - 0.90 
11.3 - 11.8 
14.0 - 19.0 

5 .. 57 - 5.64 
5.77 - 5.86 

4 . 9 . 5 - 5.10 
4.82 

6.5 - 7.1 

4 .. 58 - 4.64 
2 . 05 - 2.66 

3.55 

3 . 4 . 5 - 3.6 
3 . 40 - 3.68 

4.2 

2.. 50- 2.65 

3.8 - 3.9 
10.1 - 11.1 

6.4 - 6.6 
4 . 30 - 4.45 

3.9 

3.5 
6.2 

4.5 - 4.6 

2.08 

7.9 - 8.3 

2.7 - 2.8 
4.0 - 4.1 

4.4 - 5.1 

7.29 

3.4 - 3.6 
2 . 98 - 3.20 

3.9 - 4.18 
7.2 - 7.5 

6.7 - 7.0 

7.15 

5 . 43 - 5.7 
4.70 


4. 

4.1 

6.3 
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HEAT OF COMBUSTION 
Compiled by N. F. Wilson, Jb. 
I.ifax 

Heat of Combustion of Various Materials 




1 Heat Produced | 

Material 

Burned To 

Cidorio 
per iim 

B.T.U. 
]K‘r lb. 

Alcohol, lOthyl 

COi+lIjt) lii|uid 

7,1SH 

12,031 

Alcohol, Ethyl 

COj-i-lLG licpiid 

(),.S.')0 

12,530 

AI(h)1ioI, Methyl 

Alcohol, Amyl 

CO 2 +H 2 O Ihiuid 

5,322 

8,t)33 

0,.570 

10,070 

Antimony 

SbtN 

illil 

1,730 

Asphalt 

Benzol, C«Hb (iits 

COb+IUO liquid 

9,.532 

10,070 

17,1,50 

1 , 8,120 

Heiizol, (his 

C(> 2 +ll 20 li.iuid 

0,0.50 

17,370 

Benzol, C«H.. biiiuid 

('Oj-j-HoO lifpiid 

10,030 

18,054 

Cane »Sujj:ar 

Carbon, lUsulphide 

('(>2 

3,0t)l 

3,101 

7,130 

0,122 

Carbon, Crvstalliml 

CO 

2,105 

4,320 

Carbon, Crystallized 

CO, 

7,850 

14,140 

(^*irl)on, Ainorphons 

CO 


1,180 

Carbon, Amorphous 

CO, 

8,137 

14,047 

Carbon, Amorphous 

CO, 

S,t).S 0 

14,,544 

Carbon, Vapor 

CO, 

11,328 

20,3<H) 

Carlion, Vapor UiamonU 

CO, 

11,131 

20,041 

(hirbonic, Oxide CO 

CO, 

5,fil0 

10,152 

Cellulose 

CO,+Il 20 liquid 

4,208 

7,574 

Charcoal 

('() 

2,173 

4,451 

Charcoal 

CO 

2,112 

4,300 

Chareo.al 

CO, 

8,080 

14,.544 

Chariaial 

a). 

8,137 

14,047 

Charcoal, Beech 

CO, 

7,110 

12,,S52 

C har<!oal, Soft 

CO, 

7,071 

12,723 

Charcoal, Sugar 

CO, 

8,040 

14,472 

Coal, Anthracite 

Coal, BituminoiLS 

Coal, Coke 

Coal, bignitc 

Cyanogen 

Cut) 

7,8IK) 

8,.500 

7,000 

0,900 

5,105 

14,040 

1.5,3IK) 

12,000 

12,420 

9,351 

Coke, (las 

CO, 

8,047 

14,48.5 

Coke, Petroleum 

CO, 

8,017 

14,430 

Copper 

Cut) 

.500 

1,002 

Dynamite, 7.5% 

Gas, Acetylene C 2 II 3 

CO,+11,0 liquid 

1 , 2 <K) 

12,142 

2,322 

21,855 

Gas, Acetylene CjHj 

CO,d-II,() liijuid 

11,.527 

20,740 

Gas, Coal 

Gas, Coal 

Gas, Flthylcne CjIL 

COj+HjO liquid 

4,440 

7,370 

11,8.58 

7,090 
12,200 
21,344 : 

Gas, Ethylene CjHb 

lif|uid 

12,072 

21,730 

Gas, Ethylene C 2 II 4 

(JOj-j-UjO 

11,203 

20,327 

Gas, Methane CIIb 

C()j-f HjO lipunl 

13,003 

23,513 

(•as. Methane CH 4 

C(),+H,0 liquid 

13,344 

24,019 

Gas, Methane CH 4 

C 0 ,-i-H 20 gas 

12,000 

21,719 

Gas, Petroleum 

Gas, Produc(!r 

Gas, Producer 

10,800 

773 

1.370 

19,440 

1,.391 

2,400 


Authority 


Favre & Sill)criiiaii 

Andrews 

Anonyiiious 

Anonymous 

DuIoiik 

Slossiui & Colburn 
Bert helot 
Anonymo*is 
Slohinaii 
Bert helot 

F'avre A Silliermun 

Berthelot 

Bert helot 

Berthelot 

Berthelot 

Berthelot 

Berthelot 

Berthelot 

'I’hoinsen 

Berthelot 

Favri? & Silbcrmiin 
Berthelot 

Favre A Silberiniui 

Berthelot 

Sehwaekhiifer 

iSeliwackhofer 

Favre A SillKuman 

Various 

AveraRe of Various 
Average of Various 
AvcTage of Various 
Dulorig 

Favre A Silberman 

M oilier 

Thomsen 

Boux <S» Sarraii 

Berthelot 

Thomsen 

Anonymous 

Anonymous 

Favre A Silberman 

Berthelot 

Berthelot 

F'avre A Sillierman 

Berthelot 

Berthelot 

Anonymous 

Anonymous 

Anonymous 


720 


TABLES AND USEFUL DATA 


Heat ol Combustion of Various Materials 


Material 

Burned To 

Heat Produced 

Authority 

Calories 
per gm. 

B.T.U. 
per lb. 

Gati, Naphthalene 

C0,+H,0 liquid 

9,793 

17,637 

Anonymous 

Gas, Naphthalene 

CX)j-i-HjO liquid 


17,442 

Berthelot 

Gas, Naphthalene 

gas 

9,3.54 

16,837 

Berthelot 

Gas, Water 



4,230 

Anonymous 

Gas, Water 


3,032 

5,4.58 

Anonymous 

Glycerin 

COj+HiO liquid 

4,316 

7,769 

Stohman 

Graphite 

CO, 

7,901 

14,222 

Berthelot 

Gunpowder 


750 

1,3.50 

Various 

Hydrogen 

H,0 liquid 

is 

62,032 

Favre & Silbcrman 

Hydrogen 

H,0 liquid 


61,.524 

Thomsen 

Hydrogen 

H,0 liquid 

1! ^ 

62,100 

Berthelot 

Hydrogen 

11,0 gas 

28,800 

51,840 

Thomsen 

Hydrogen' 

H/) gas 

29,150 

52,470 

Berthelot 

Iron 

Fc,0. 

1,702 

3,064 

Dulong 

Iron 

Fe,0, 

1,582 

2,848 

Anonymous 

Mamesium 

MgO 

0,077 


Anonymous 

Niefcel 

NiO 

1,006 

1,811 

Dulong 

Oil, Cotton Seed 


9,.500 


Anonymous 

Oil, Castor 


8,848 

15,926 

Anonymous 

Oil, Coal, Heavy 


8,900 


St. C. DevUlo 

Oil, Olivo 


9,862 

17,7.51 

Dulong 

Oil, Linseed 


9,430 

16,974 

Anonymous 

Oil, Rape 


9,489 


Stohman 

Oil, Schist 


9,000 

m^ji 

Anonymous 

Oil, ^rm 


10,000 


Gibson 

Paraffin 

CO,+HA) liquid 

fBsm 

KiiiWil 

Stohman 

Paraffin 

C0i-i-H,0 gas 

10,340 

18,612 

Stohman 

Peat 


Kfill!] 

ioma 

Bainbridge 

Petroleum, Crude 


11,094 

19,969 

Mohler 

Petroleum, ReBned 


11,0-15 

19,881 

Mohler 

Phosphorus 

PO. 


8,116 

Andrews 

Phosphorus 

POs 

4,394 


Abria 

Pitch 



IldIWtl 

Anonymous 

Silicon 

SiO, 


13,33;} 

Berthelot 

Stearic Acid 

C0,+H,0 liquid 


loKiin 

Stohman 

Starch 

C0,+H,0 liquid 

4,228 

7,610 

Berthelot 

Sulphur, Rhombic 

SO, 

2,221 

3,998 

Favre & Silbcrman 

Sulphur, Rhombic 

SO, 

2,166 

3,899 

Berthelot 

Sulphur, Monoclinic 

SO, 

2,241 

4,034 

Thomsen 

Tallow 



17,100 

Stohman 

Tin 

SnO, 

1,233 

2,219 

Dulong 

Tin 

SnO, 

1,144 

2,059 

Andrews 

Turpentine 


lOKhVl 

19,533 

Favre A Silberman 

Wood, Beech, 12.9% H^ 


4,168 

7,502 

Gottlieb 

Wood, Birch, 11.8% H.0 


KMlSl 

7,572 

Gottlieb 

Wood, Oak, 13.3% HiO 


3,990 

7,182 

Gottlieb 

Wood, Pine, 12.2% Hrf) 


4,422 

7,960 

Gottlieb 

Zinc # 

ZnO 

1,301 

2,.342 

Andrews 

Zinc 

ZnO 

1,298, 

2,336 

Dulong 
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The Calculation of the Heat of Combustion of Mixed Fuels 

The heating value of a mixed fuel is calculated from its constituents as 
found from ultimate analysis and any one of several formulas may be used 
for the determination. Dulong’s formula is probably the most used and is 
given below along with Mahler’s which has the same basic form. Practically 
every formula used is similar to the two given below. 

B.T.U. per lb. of Fuel= 14650C+62100( //-|0) Oulonff 

B.T.U. per lb. of Fuel= 146500+62100^-5400(0+ N) Mahler 

where C— Parts Carbon in Fuel 
0= Parts Oxygen in Fuel 
II = Parts Hydrogen in Fuel 
A = Parts Nitrogen in Fuel 

Example: It is desired to find how many British Thermal Units will bo 
developed by a pound of coal the ultimate analysis of which is: * 

Carbon = .7216 
Oxygen = .0785 
Hydrogen = .0496 
Nitrogen=.0166 

( 07gi5\ 

.0496 - '—^j = 13,043.02 DuUmg 

B.T.U.= (14650X.7216)+(62100X.0496) -5400(.0785+.0160) = 13,138.06 

Mahler 

The calorific value of the above coal as determined by tests of U. S. Geo¬ 
logical Survey was 12,958 B.T.U. 
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Heats of Fusion of Chemical Elements and Inorganic Compounds 

I‘hysikaliiich-Chetniache TaheUen, 1912 


LaruMt-Iioemuldn 


Substance 

Melting 
Point 
Deg. C. 

Heat of Fusion 
in Kg. Calorics 

Authority and Date 



Bismuth 

266.8 

12.64 

2.63 

Person, 1849 

f( 


12.4 

2.58 

Mazzotto, 1891 

Bromine 

-7.32 

16.18 

1.293 

llcgnault, 1849 

Cudmium 

320.7 

13.7 

1..54 

Person, 1848 

Chlorine 

-103.5 

22.96 

0.814 

Estreichcr & Staniewski, 

Cop^icr 


43.0 

2.74 

1910 

J. W. Richards, 1903 

Gallium 

13 

19.1 

1.33 

Berthelot, 1878 

Iron, cast—white 

Iron, cast—gray 

Isiud 

325 

32-34 

23 

5.86 

1.21 

Gruner, 1874 

Gruner, 1874 

Rudberg, 1830 

(4 

326.2 

5.37 

1.11 

Person, 1849 

44 


5.37 

1.11 

Mazzotto, 1891 

44 

322 4 

5.32 

1.11 

Spring, 1886 

44 


6.45 

1.34 

Roljcrtson, 1903 

Mercury 


2.84 

0.57 

Person, 1848 

44 

-38.7 

2.75 

0..55 

Pollitzer, 1911 

44 

-38.7 

2.85 

0.57 

Koref, 1911 

Palladuim 

1,500 

36.3 

3.86 

Violle, 1878 

Phosphorus 

27.35 

4.74 

0.147 

Pettersson, 1881 

29.73 

4.74 

0.147 

Petter-sson, 1881 

44 

40.05 

4.97 

0.154 

Pctter.s.son, 1881 

44 

44.2 

5.034 

0.1.56 

Person, 1848 

Platinum 

1779 

27.2 

5.3 

Violle, 1877 

Potassium 

58 

15.7 

0.61 

Joannis, 1887 

“ 


13.61 

0.532 

Bernini, 1906 

Silver 

999 

21.1 

2.28 

Person, 1848 

Sodium 

96.5 

31.7 

0.73 

Joannis, 1887 

44 


17.75 

0.408 

Bernini, 1906 

Sulphur 

mono. 

115 

9.37 

0.300 

Person, 1848 

119 

10.4 

0.33 

VViegand, 1908 

Thallium 

290 

7.2 

1.47 

Robertson, 1603 

Tin, ordinary, white 

228 

13.3 

1.6 

Rudberg, 1830 

44 44 44 

232.7 

14.25 

1.70 

Person, 1849 

44 4^ 44 

227.3 

14.65 

1.74 

Spring, 1886 

44 44 44 


13.06 

1.62 

Mazzotto, 1891 

44 44 44 


14.05 

1.67 

Robertson. 1903 

Zinc 

415.3 

28.1* 

1.84 

Person, 1849 

44 


28.0 

1.8 

Mazzotto. 1891 


Not entirely reliable. 
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loorganic Compounds 


Substance 

Melting 
Point 
Deg. C. 

Heat of Fusion 
in Kg. Calories 

Authority and Date 

1-kilo- 

gram 

1-gram- 

mol. 

Aluminum bromide, AlBrj 
Ammonia, NHt 

Antimony tribromide, SbBrt 
Antimony trichloride, SbCli 
Arsenic tribromide, AsBrs 

Barium chloride. Bad: 

Caesium hydroxide, CsOH 
Calcium chloride, CaClj 

Calcium chloride, CuCU.OH-O 
Calcium nitrate, Ca(NOj)2.4HsO 
Carl)on dioxide (5.10 atm.) 
Hydrogen peroxide, HjOj 

-75 

94.6 

73.2 

31.0 

958.9 
272.3 

773.9 
28.5 
42.4 

-56.29 

10.47 

108.1 

9.76 

13.29 

8.93 

27.8 

10.7 
,54.6 

40.7 
33.49 

43.8 
2.70 

2.79 

1.84 

.3.51 

3.01 

2.81 

5.8 
1.61 
6.06 

8.9 
7.94 
1.93 
9.18 

Kablukow, 1908 

Massol, 1902 

Tolloczko, 1901 
Tolloczko, 1901 
Tollocsko, 1901 

Plato, 1907 

V. Hevesy, 1910 

Plato, 1907 

Person, 1849 

Pickering, 1891 

Kuenen & Hoixson, 1902 
de Forcrand,*1900 


Notes. For aluminum and iodino thn only valuo available is the heat neces.‘'ary 
to bring 1 kg. of the substance from 0° C. to the molten condition. It i.s, for aluminum, 
239.4 kg. calorics per kg. and for iodine 11.7 kg. calories per kg. 

The value given by Smith is 334.21 ±0.08 joules. lie assumes the mean calorie 
to equal 4.1832 joules. 


Heat, Fusion, Cbemical Elements, Inorganic Compotmds 



Heat of Fusion 


Substance 

1-kilo- 

gram 

1-gram- 

mol. 

Authority and Date 

lee 

*1 

75.99 

1.369 

Pettersson, 1881 

76.03 

1.375 

Pettersson, 1881 

it 

75.94 

1.36.S 

Pettersson, 1881 

il 

76.t')0 

1.380 

Pettersson, 1881 

it 

77.71 

1.400 

Pettersson, 1881 

ti 

78.26 

mw ra 

Zakrsewski, 1892 

(t 

79.25 

■ff 

Person, 1848 

ft 

79.06 

■Kin 

Regnault, 1844 

tt 

79.25 

■kI« 

Regnault, 1844 

(( 

80.025 

1.442 

Bunsen, 1870 

(( 

79.24 

1.428 

Desains, 1843 

“ (See Note 2) 

79.896± 

0.02 

1.440 

A. W. Smith, 1903 

• 

if 

79.61 

1.4.35 

Bogojawlenski, 1905 


79.2 

1.427 

leduc, 1906 

ti 

79.67 

1.436 

W. A. Roth, 1908 
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Heat, Fusion, Chemical Elements, Ihoiganic Compounds (CotUinued) 


Siiluitancc 

Heat of Fusion 

Authority and Date 

1 -kilo- 

gram 

1 -gram- 

mol. 

Iodine chloride, ICl 

14.15 

2.30 

Berthclot, 1880 

“ “ ICl a 

16.42 

2.66 

Stortcubcker, 1892 

“ » ICl /3 


2.27 

Stortenbeker, 1892 

Lead bromide, PbBri 

12.34 

L.M 

Ehrtiardt, 1885 

u u 

9.9 

3.65 

Goodwin & Kalmus, 1909 

Lead chloride, PbCli 

20.90 

5.81 

Bhrhardt, 1885 


18.6 

5.15 

Goodwin dcKalmus, 1909 

I,ead iodide, Pbl« 

11.50 

5.30 

Ehrh.ardt, 1885 

Lithium nitrate, LiNOs 

88.6 

6.10 

Goodwin & Kalmus, 1909 

Mercuric iodide, Hgit 

9.79 

4.44 

Guinchant, 1907 

Nitric acid, HNO> 

9.54 

O.OOl 

Berthclot, 1877 

Nitric oxide, NjOs 

76.67 

8.28 

Bcrthelot, 1874 

“ ‘i N,0, 

32.2-37.2 

2.96-3.42 

Ramsay, 1890 

Phosphoric acid, hypo. HjPjO, 

51.23 

8.30 

Joly, 1886 

^ “ ortho. H,PO, 

25.71 

2..521 

Tliomscn, 1905 

Phosphorous acid, hypo. HaPOj 

35.00 

2.31 

Thomsen, 1905 

" “ ortho. HjPOi 

37.44 

3.072 

Thomsen, 1905 

Potassium chloride, KCl 

86.0 

6.41 

Plato, 1906 

dichromate, KjCrtO, 

29.8 

8.77 

Goodwin & Kalmus, 1909 

fluoride, KF 

108.0 

6.27 

Plato, 1907 

hydroxide, KOH 

28.6 

1.01 

V. Hevcsv, 1910 

nitrate, KNO, 

47.37 

4.79 

Person, 1848 

nitrate, KNOi 

25.5 

2.57 

Goodwin & Kalmus, 1909 

Rubidium hydroxide, RbOIi 

15.8 

1.62 

V. Hevesy, 1910 

Silver bromide, AgBr 

12.6 

2.37 

Goodwin & Kalmus, 1909 

chloride, AgCl 

21.3 

3.05 

Goodwin & Kalmus, 1909 

chloride, A^l 

30.7 

4.40 

Robertson, 1903 

nitrate, AgNOs 

17.6 

2.99 

Guincliant, 1907 

nitrate, AgNOi 

15.2 

2..58 

Goodwin & Kalmus, 1909 

Sodium chlorate, NaC10» 

49.6 

5.25 

Goodwin & Kalmus, 1909 

chlorate, NaClOi 

48.4 

5.15 

Foote & Levy, 1907 

chloride, NaCl 

123.5 

7.22 

Plato, 1906 

chromate, NajCrOi-lOHjO 

36.0 

12.3 

Berthelot, 1878 

chromate, NajCrOi-lOHjO 

39.2 

13.4 

Bcrthelot, 1878 

fluoride, NaF 

186.1 

7.82 

Plato, 1907 

hydroxide, NaOH 

40.0 

1.60 

V. Hevesy, 1910 

nitrate, NaNOi 

62.97 

5.355 

Person, 1848 

nitrate, NaNO» 

45.3 

3.69 

Goodwin & Kalmus, 1909 

phosphate, Na]HPO«. 12H|0 

66.8 

23.9 

Person, 1849 

sulphate, Kas80<. lOIIiO 

51.2 

16.5 

Cohen, 1894 

thiosulpha/e, NaiSiOj. SH|0 

.37.6 

9.3 

V. Trentinaglia, 1876 

Strontium chloride, SrClt 

25.6 

4.06 

Plato, 1906 

Sulphuric acid, HtSOa 

8.77 

0.860 

Berthelot, 1874 

H.SO 4 

24.031 

2.358 

Pickering, 1891 

H.SO« 

22.82 

2.239 

Knietsch, 1909 

H,S04 

25.98 

2.559 

Bronsted, 1910 

HjSOt H/) 

31.72 

3.68 

Berthelot, 1874 

H,SO<. H|0 

38.97 

4..52 

Luginin & Dupont, 1911 

H,SO,. H,0 

39.92 

4.83 

Pickering, 1891 

H^SOi. H|0 

34.91 

4.05 

Hammen 

H,S04. Hrf) 

36.08 

4.18 

Hammerl 

H,S04. Hrf) 

38.38 

4.45 

Bronsted, 1910 

Thallium bromide, TlBr 

12.7 

3.61 

Goodwin & Kalmus, 1909 

chloride, TlCl 

16.6 

3.98 

Goodwin & Kalmus, 1909 
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Brief Summary of Some Important Chemical Laws and 
Hypotheses 

§ 19. 1. Avogadro’s Hypothesis. "Equal volumes of all gases at the same 
pressure and temperature contain an equal number of molecules. 

2. Boyle’s (or Mariotte’s) Law. The volume of all gases at a constant 
temperature is inversely proportional to the pressure. 

3. Common Ion Effect—Repression of Ionization. Ionization is rcprc.ssed 
by adding to the solution a salt which has a common ion with that of the 
solute. 

4. Complex Ions. These consist of a group of elements, possessing char¬ 
acteristics distinct from the elements of which they arc composed. Example 
K,Fe(CN), ionized = K 4 and EcfCA),.KC10, ionized=K and ClOz 

5. Conservation of Mass, Law of. The total weight of matter resulting 

from a combination or decomposition is always equal to the sum of the weights 
of the substances taking part in the reaction. In all chemical transformations 
mass remains constant. • 

6. Constant Proportion, Law of. The elements combine with one another 
in absolutely fixed relative proportions by weight. 

7. Dalton’s Atomic Theory. All matter consists of an aggregate of minute 
particles, or atoms, which are chemically indivisible. 

8. Dalton-Henry’s Law. The pressure existed by a mixture of gases 
occupying a given volume is equal to the sum of the separate pressures which 
the different gases would exert if they alone occupied the given volume. 
Every gas behaves with respect to its own particular properties just as if it 
alone was present. 

9. Dulong-Petit’s Law. All elements in the solid state have the same 
atomic heat. That is, elements taken in proportion to their atomic weights 
require equal quantities of heat in order to be raised to the same temj)craturc. 

10. Electrolytic Dissociation Theory of Arrhenius. All substances which 
form solutions capable of conducting an electric current, the electrolytes, exist 
in solution, in part at least, as dissociated ions, atoms or atomic groups, carryitig 
a definite charge of electricity. Each positive ion (anion) involves the presence 
of a negative ion (cation) carrying an equivalent amount of electricity. 

When two oppositely charged poles are placed in such a solution, the 
positively charged anode attracts the negative particles in the solution and 
repels the positive, while the negatively charged cathode attracts the positively 
charged particles and repels those negatively charged, a flow of electricity 
thus being produced. 

11. Electromotive or Potential Series. Metals placed in solution tend to 
pass from a free element to the ionic condition, the more positive elements will 
displace the less positive from their ionic condition. See list of elements 
given in order of activity, in the table in the latter part of this volume. 

12. Faraday’s Law. In equal periods of time a current of definite strength 
separates the ions from the solutions of electrolytes in quantities by weight, 
which stand in the same ratio to one another as their equivalent weights, 
i.e., their atomic weight divided by their valence. 

The strength of an electric current can be measured by determining the 
weight of silver or copper deposited at the cathode in a given time from a 
solution of silver or copper, or by measuring the volume of hydrogen or oxygen 
produced from water by the action of the current. 
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13. Gay-Lussac’s Law (Charle’s Law). At constant pressure, volumes of 
all gases increase on warming in the same proportion for every one degree. 
The coefficient of expansion is 1/273 (0.003665). That is to say, for 1° C. 
incretuse in temperature the gas expands J /273 of its volume. A volume of 
273 cc. of gas at 0° C. would become 274 cc. at 1° C. 

14. Hesse’s Law Thermo Law of Conservation. The evolution of heat 
which accompanies a chemical process is always the same whether the process 
takes place in one step or whether it passes through a number of intermediate 
processes. 

15. Lavolsier-Leplace’s Law. Every compound has a certain heat of 
formation which is equal to its heat of decomposition. 

16. Mass Action, Law of (Gutdberg-Waage’s Law). The speed of reaction 
between two substances in solution is directly proportional, at any moment, 
to the molar concentrations of these reacting substances in solution, and to a 
constant, which is characteristic of the chemical nature of the reacting com¬ 
ponents, and of the tcmi)orature. 

17. Multiple Proportion, Law of. If two elements combine in more than 
one proportion, the masses of the one which combine with a given mass of 
the other bear a simple rational relation to one another, i.e., are always a 
whole multiple of the lowest. 

Example: N/), NjOj, N2O3, N..O4, NjOs: the five oxides of nitrogen. 

18. Neuman-Kopp’s Law. Molecular heat corresponds to the sum of 
atomic heats of the elements which constitute the molecule. 

19. Osmotic Pressure. A substance in solution produces the osmotic 
pressure, at a given temperature, which it would exert, if it were contained 
as a gas, at the same temi)erature, in the volume occupied by the pure solvent 
of the solution. 

20. Periodic Law of Mendeleeff. The properties of the elements are 
periodic functions of their atomic weights. 

21. Reversible Reaction. Compounds in solution resulting from a chem¬ 
ical reaction in turn react forming the original compounds present. This 
reversibility is prevented by removal from solution of one of the resulting 
compounds, by formation of an in.soluble compound, which precipitates from 
solution, or by the formation of a gas which escaptw. (See “ Common Ion 
Effect.”) 

22. Law of Electrostatic Force. Coulomb’s Law. 

Cd,' 

F — force <acting between two charged bodies. 
qi and = quantities of electricity. 

C = specific inductive capacity or dielectric constant of the medium. 

23. Law of Jule. 

h—rd^. 

h = amount of heat evolved in a pven time, 
r = resistance to the passage of the current. 
e = strength of the current. 

24. Ohm’s Law. 


C = strength of current. 
E = electromotive force. 
B = resistance. 
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PREPARATION OF REAGENTS 

This chapter includes a list of reagents generally used in the analytiehl 
laboratory. Certain special reagents having a limited use are given in the 
body of the text under the subject with which they are concerned. The 
alphabetical arrangement will be found convenient for reference. The term 
per cent is used for convenience and does not represent true percent but rather 
the grams of reagent per 100 cc. of .solution. For example, a ton percent solution 
of sodium chloride means 10 grams of NaCI di.ssolved in water and mad(( to 
100 cc. A ten per cent of alcohol solution refers to volume and means 10 cc. 
of alcohol diluted with water to 100 cc. 


Common Lauobatohv Desk oa Shelf Ueaoents 


Reagent Name 

Per 

Cent 

Vol. 

R. 

Vol. 

HjO 

Res. 

sp.gr. 


(iin. 
|)or cc. 


1(K) 



1.0(> 

17 N 

1.00 g. 

0.84 g. 


80 

28 



1.07 

15 K 


1 

2 

1.04 

5 N 

0.28 g. 


40 



1.20 

13 N 

0.48 g. 


10 

1 

1.5 

1.08 

5 N 

0.19 g. 


90 



T.'-jO 

23 N 

1.43 g. 


70 



1.42 

10 N 

1.00 g. 


23 

1 

2 

1.14 

5N 

0.31 g. 


9.') 



1.84 

30 N 

1.77 g. 


14 

1 

0 

1.09 

5 N 

0.25 g. 


28 



0.90 

15 N 

0.20 g. 


9 

1 

2 

O.lHi 

5 N 

0.08 g. 


40 



1.44 

14 N 

O..^ g. 


14 

1 

2 

1.07 

3N 

0.20 g. 








H=strong reagent, lira. = resulting. N = Norm!il. (im. jx^r cc. =grams of 10% 
rc.agent. 


Reagents Used for Precipitations and Volumetric Determinations 

Volumetric reagents should be standardized at 20° C. if possible. The 
temperature at which the standardization is made should be noted on the 
container as the strength of the reagent per cc. will vary with a change of 
temperature, the concentration increasing with contraction at a lower temper¬ 
ature, and expansion causing decrease with a rise in temperature. It is not 
advisable to attempt to make the reagent exactly a normal equivalent as the 
strength may change slightly from this factor. It is necessary to establish 
the exact factor of the solution, however, by careful standardization. The 
“ factor ” is the ratio between a given number of cc. of the solution in question 
and the number of cc. of a theoretically correct solution. For example, if 
50 cc. of the reagent were found to be equivalent to 55 cc. of a theoretically 
normal solution, the normality factor of the reagent in question would be 
55 . 5 . 50 = 1.1 N and all titrations would have to be multiplied by this factor 
to obtain the cc. in terms of a normal solution. 

Normalities are expressed either by a figure before N or after it, thus 
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0.2 N or N/5=fifth normal. O.l N or N/10=tenth normal. 0.5 N or N/2 
= half normal. .02 N or N/50= fiftieth normal, etc. 

Acetic Acid, Glacial. C.P., 99.5% pure. The determination of ita strength 
should be made by titration and not by specific gravity, as the 98% and 80% 
acid have the same specific gravity, 1.067. The determination of the melting- 
point gives results equally good with those obtained by titration and requires 
less time. It is made after the manner of the “ titer test ” for acids, the tube 
being half filled, chilled to 10“ to 11° C., and further chilled by placing the 
outside bottle in ice-water; the temperature of the super-cooled acid rises to 
its melting-point, where it remains stationary for some time. The melting- 
points of acids of various strengths are as follows: 

100%, 16.75“ C.; 99.5%, 15.65“; 99%, 14.8“. 

Alcohol. Commercial “ Cologne Spirits.” For the preparation of alcohol 
free from aldehyde for alcoholic potash, cologne spirits arc treated with silver 
oxide as follows: Ij grams of silver nitrate are dissolved in 3 cc. of water, 
added to 1 liter of alcohol and thoroughly shaken; 3 grams of potassium 
hydrate arc dLssolved in 15 cc. of warm alcohol and, after cooling, added to 
the alcoholic silver nitrate and thoroughly shaken again, best in a tall bottle 
or cylinder. The silver oxide is allowed to settle, the clear liquid .siphoned 
off and distilled, a few bits of pumice, prepared by igniting and immediately 
quenching under water, being added to prevent bumping. Alcohol for use in 
the free acid determination Ls prepared by placing 10 to 15 grams of dry 
sodium carbonate in the reagent bottle, taking care to filter it before use. 

Alcohol, Amyl. C.P. 

Alcohol Potash Solution. See Potassium Hydroxide. 

Alizarin S Test. The reagent used is a 0.1% filtered solution of commercial 
alizarin S, the sodium salt of alizarin monosulphonic acid (yellow with acids, 
purple with alkalies). 

Alkaline Tartrate Solution. See Tartmte Solution. 

Ammoniiun Acetate. 70% solution. Use the salt or cautiously add 
1000 cc. of ammonium hydroxide to 1200 cc. of glacial acetic acid. 

Ammonium Carbonate. 2.50 grams of the salt per liter. Add 100 cc. of 
strong ammonium hydroxide. The solution contains approximately 22 % of 
(NH4),CO,.NH4 CO«NHj. 

Anuno^um Chloride. 10% solution, 100 grams of NH 4 CI per liter. 

Ammonium Chloride SoltUion Standard. Dksolve 3.82 grams of ammo¬ 
nium chloride in 1 liter of distilled water. Dilute 10 cc. of this to 1 liter with 
ammonia-free water. 1 cc.=0.00001 gram of' nitrogen. Used in water 
analysis. « 

Ammonium Molybdate Reagent Standard. 4.75 grams of the salt are 
dissolved in water and made up to 1 liter. One cc. with a half-grenn sample 
is equal approximately to 1% of Pb. Standard in lead determination. 

Ammoidum Molybdate. One hundred grams of pure molybdic acid are 
thoroughly mixed with 400 cc. of cold distilled water and 80 cc. of strong 
ammonia (sp.gr. 0.90) added. When the solution is complete, it is poured 
slowly and with constant stirring into a mixture of 400 cc. o^ strong nitric 
acid (sp.gr. 1.42) and 600 cc. of distilled water. This order of procedure 
should be followed, as the nitric acid poured into the ammonium molybdate 
solution will cause the precipitation of a difficultly soluble oxide of molybdenum 
and necessitate filtration. Fifty milligrams (.05 gram) of microcosmic salt, 
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di^olved in a little water, are added to clarify the reagent, the precipitate 
agitated, then allowed to settle for twenty-four hours and the clear solution 
. decanted through a filter into a large reagent bottle. Sixty cc. of the reagent 
should be used for every 0.1 gram of PtOs present in the solution analyzed. 

Ammonium Nitrate. 20 % solution. 200 grams of NH^NOi per liter. 

Ammonium Oxalate. 4% solution. 40 grams of (NH 4 )jCj 0 <. 2 H »0 per 
liter. 

Ammonium Phosphate. 10 % solution. 100 grams of (NH<)sHP 04 per 
liter. Sodium ammonium phosphate Microcosmic salt may be used in place 
of ammonium phosphate. 

Ammonium Sulphate. 2.5% solution. 2.50 grams of (NH 4 ) 2 S 04 per liter. 

Ammonium Sulphide (Colorless). Saturate 7.50 cc. of strong ammonia 
with hydrogen sulphide gas and add 500 cc. of strong ammonia and 1000 cc. 
of water. 

Ammonium Polysulphide (Yellow). To a solution of ammonium sulphide 
made according to the directions above add about 75 grams of flowers of 
sulphur. Shake well. 

Ammonium Thiocyanate (“ sulphocyanato ”). See Thiocyanate. 

Arsenic Standard Solution. One gram of resublimed arsenous acid, AsjOs, 
is dissolved in 25 cc. of 20% sodium hydroxide solution (arsenic free) and 
neutralized with dilute sulphuric acid. This is diluted with fresh distilled 
water, to which 10 cc. of 95% H 2 SO 4 has been added, to a volume of 1000 cc. 
Ten cc. of this solution is again diluted to a liter with distilled water containing 
acid. Finally 100 cc. of the latter solution is diluted to a liter with distilled 
water containing acid. One cc. of the final solution contains 0.001 milligram 
of AS 2 O 3 . Used in arsenic determinations by Gutzeit and Marsh methods. 

■ Arsenite. Tenth Normal Arsenious Acid. AsjOs is equivalent to 21}, i.e., 
to 4H, hence | the gram molecular weight of arsenious oxide per liter will 
give a normal solution: 198-5-4=49.5. 

4.95 grams of pure arsenious oxide is dissolved in a little 20% sodium 
hydroxide solution and the excess of the alkali is neutralized with dilute sul¬ 
phuric acid, using phenolphthalcin indicator, the solution being just decolorized. 
Five hundred cc. of distilled water containing about 25 grams of sodium 
bicarbonate are added. If a pink color dcvcloiw, this is destroyed with a 
few drops of weak sulphuric acid. The solution is now made to volume, 
1000 cc. The reagent is standardized against a measured amount of pure 
iodine. The oxide may be dissolved directly in sodium bicarbonate solution. 
For iodine titrations. A standard reducing agent. 

Note. Commercial arsenious oxide is purified by dissolving in hot liydrochlorio 
acid, filtering the hot saturated solution, cooling, decanting on the motner liquor, 
washing the deposited oxide with water, drying and finally subliming. 

Standard Antimony Solution. A stock solution Is made up by weighing 
out 0.553 gm. of KSb 0 C 4 H 40 « which is dissolved in distilled water and 
made up to 2000 cc. which represents 1 cc. = .0001 gm. of Sb. 

From the above stock solution take 100 cc. and make up to 1000 cc.; 
this solution «ow equals — 1 cc. = .00001 gm. of Sb, which is used for making 
the standard stains and introducing into checks. For standard antimony 
stains. 

Barium Chloride. A 10 % solution, j 1(X) grams of BaCl:.2H]0 per liter. 
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Barium Chloride, anhydrous, 5% solution; or crystals, 6% solution. 
Reagent used for sulphur determinations. 

Barium Hydroxide. 5% solution. 50 grams of Ba(OH)i.8HjO per liter. 

Alpha Benzildioxime. This may be prepared by boiling 10 grams of benzil 
(not necessarily pure) with 8 to 10 grams of hydroxylaminc hydrochloride in 
methyl alcohol solution. After boiling for three hours the precipitate is 
filtered off and dried, washed with hot water and then with a small amount 
of 50% alcohol, and dried. This dried precipitate consists of pure benzil¬ 
dioxime (m.p. 237° C.). A further yield may be obtained by boiling the 
filtrate with hydroxylaminc hydrochloride. The reagent is prepared by dis¬ 
solving 0.2 gram of the salt per liter of alcohol to which is added ammonium 
hydroxide to make 5% solution, sp.gr. 0.96 (50 cc. per liter). Reagent used 
in the determination of nickel. 

• Benzidine Hydrochloride is prepared by taking 6.7 grams of the free base, 
or the corres|)ouding amount of the hydrochloride, and mixing into a paste 
with 20 cc. of water in a mortar. Twenty cc. of hydrochloric acid (sp.gr. 1.12) 
are added and the mixture diluted to exactly 1000 cc. One cc. of this solution 
corresponds to 0.00357 gram of IIoSO,. The solution has a brown color. 
Brown flakes are likely to separate out on standing, but these do no harm. 

Rc.agent used in the determination of sulphur. 

Bromine. The commercial article; also a N/3 solution, made by dissolving 
20.6 grams of bromine in 1 liter of carbon tetrachloride. 

Bromine—Potassium Bromide Solution. 320 grams of potassium bromide 
are dissolved in just sufficient water to cause solution and mixed with 200 cc. 
of bromine, the bromine being poured into the saturated bromide solution. 
After mixing well the solution is diluted to 2000 cc. Used for sulphur deter¬ 
minations. 

Bromine—Carbon Tetrachloride Solution. Carbon tetrachloride saturated 
with bromine. Used for sul])hur determination. 

Bismuth Standard Solution. One gram of metallic bismuth is dis.snlved in 
the least amount of dilute nitric acid (1 ; 1) that is necessary to keep it in 
solution and diluted to 1000 cc. in a graduated flask. One hundred cc. of 
this solution is diluted to 1000 cc. One cc. of this diluted solution contains 
0.0001 gram of bismuth. 

Caldum Chloride. 10% solution. 100 grams of CaCb.OHjO per liter. 

Acid Calcium Chloride Solution. Saturate with calcium chloride a mixture 
of 90 parts of water and 10 parts of concentrated hydrochloric acid (specific 
gravity 1.2). 

Calcium Hydroxide (Lime Water). A saturated water solution of Ca(OII) 2 . 
Keep tightly stoppered. Decant or filter before use. 

Cinchonine Solution. Cinchonine solution is made by dissolving 100 
grams of the alkaloid in dilute HCI (1 part acid to 3 of water) and diluting to 
1000 cc. with HCI of the same strength. 

Cinchonine Wash Solution. 30 cc. of Cinchonine solution, 30 cc. of 
strong HCI diluted to 1000 cc. Used in tun^ten determinations. 

Cinchonine Potassium Iodide Solution. Ten grams of cinchonine are 
dissolved by treating with the least amount of nitric acid that is necessary 
to form a viscous mass and taking up with about 100 cc. of water. The acid 
is added a drop at a time, as an excess must be avoided. Twenty grams of 
potassium iodide ore dissolved separately and cinchonine solution added. 
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The resulting mixture is diluted with water to 1000 cc. After allowing the 
reagent to stand forty-eight hours, any precipitate formed is filtered off and 
the clear product is ready for use. The reagent preserved in a glass-stoppercd 
bottle keeps indefinitely. It should be filtered free of suspended matter 
before use. 

Copper Sulphate—Alkaline Tartrate Solution. See Fchling’s solution. 

Citric Acid. One part of acid of 3 parts in water. One hundred cc. of 
nitric acid should be added to each liter to prevent mould growth. 

Citrate of Ammonia. 2.5 grams of the salt jicr .50 cc. of water. 

Copper Solution Standard. One gram of purest electrolytic copper is 
dissolved in 20 cc. of dilute nitric acid, sp.gr. 1.2, and the solution diluted to 
1000 cc. For standardizing the thiosulphate to be used with high-grade 
copper ores, crude copper, blister copper, etc., a copper solution containing 
ten times the above amount of metallic copper is prepared. Standard in the 
iodide determination of copi)cr. 

Caustic. Standard solution. Sec Sodium Hydroxide. 

Cuprous Chloride, Acid, for Gas Analysis. The directions givcSi in the 
various text-books being troublesome to execute, the following method, which 
is simpler, has been found to give c(|ually good results: (Jover the bottom of 
a two-liter bottle with a layer of coiuier oxide or “ scale ” I in. deep, place 
in the bottle a number of pieces of rather stout copper wire reaching from 
top to bottom, sufficient to make a bundle an inch in diameter, and fill the 
bottle with common hydrochloric acid of 1.10 .sp.gr. The bottle is occasionally 
shaken, and when the .solution is colorless, or nearly so, it is poured into the 
half-liter reagent bottles, containing copper wire, ready for use. The space 
left in the stock bottle should be immcdi.ately filled with hydrochloric acid 
(1.10 sp.gr.). 

By thus adding acid or copper wire and copper oxide when cither is ex¬ 
hausted, a constant supply of this reagent may be kept on hand. 

The absorption capacity of the reagent per cc. is, according to Winkler, 
15 cc. of CO; according to Hem pel 4 cc. 

Care should be taken that the copper wire docs not become entirely dis¬ 
solved and that it extend from the top to the bottom of the bottle; furthermore 
the stopper should be kept thoroughly greased the more effectually to keep 
out the air, which turns the solution brown and weakens it. 

Cuprous Chloride, Ammoniacal, for Gas Analysis. The acid cuprous 
chloride is treated with ammonia until a faint odor of ammonia is perceptible; 
copper wire should be kept in it similarly to the acid solution, this alkaline 
solution has the advantage that it can be used when traces of Itydrochloric 
acid vapors might be harmful to the subseciucnt determinations, us, for 
example, in the determination of hydrogen by absorption with palladium. 
It has the further advantage of not soiling mercury as docs the acid reagent. 

Absorption Capacity, 1 cc. absorbs 1 cc. of CO. 

Cuprous chloride is at best a poor reagent for the absorption of carbonic 
oxide; to obtain the greatest accuracy where the reagent has been much 
used, the gas should be pa.sBcd into a fresh pipette for final absorption, and 
the operation continued until two consecutive readings agree exactly. The 
compound formed by the absorption—possibly CujCOCU—is very unstable, 
as carbonic oxide may be freed from the solution by boiling or placing it 
in vacuo; even if it be shaken up with air, the gas is given off, as shown by the 
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increase in volume and subsequent diminution when shaken with fresh cuprous 
chloride. 

Devarda’s Alloy. Forty-five parts of aluminum, 50 parts of copper and 
5 parts of zinc. The aluminum is heated in a Hessian crucible in a furnace 
until the aluminum begins to melt, copper is now added in small portions 
until liquefied and zinc now plunged into the molten mass. The mix is heated 
for a few moments, covered and then stirred, with an iron rod, allowed to cool 
slowly with the cover on and the crystallized mass pulverized. 

Dimethylglyoxime. 1% solution. 1 gram of the salt per 100 cc. of 
ethyl alcohol. Used in nickel determinations. 

Diphenyl Carbazlde Reagent. One-tenth of a gram of the compound is 
dissolved in 10 cc. of glacial acetic acid and diluted to 100 cc. with ethyl 
alcohol. 

Diphenyl carbazide may be made by heating a mixture of 15 grams of 
urea with 60 grams of phenyl hydrazine four hoiirs, finishing at 1.55° C. The 
solid product is crystallized throe times with alcohol. A light straw-colored 
product IS obtained. A white product is obtained if the urea is cut down to 
5 grams, the yield, however, is only 25 per cent of that obtained by the first 
method and the compound possesses no advantages. Used in chromium 
determinations. 

Fehling’s Solution for Determination of Sugar, (a) Copper aidphate solu¬ 
tion. 34.639 g. of crystallized 6 oppcr sulphate are dissolved in water and 
made up to 500 cc. ( 6 ) Alkaline tartrate solution. Dissolve 173 g. of Rochelle 
salts and 125 g. of potassium hydroxide in water and dilute to 500 cc. 

Ferric Chloride. 10% solution. 100 grams of FcCl». 6 HjO per liter. 

Ferric Chloride Solution Standard. (10 grams of iron dissolved in 200 cc. 
of HCl, oxidized with HNOj and made to one liter.) 1 cc.=0.01 g. of Fe. 

Ferric Indicator. Saturated solution of ferric ammonium alum. Should 
this not be available, F0SO4 may be oxidized with nitric acid, and the solution 
evaporated with an excess of H 2 S 04 to expel the nitrous fumes. A 10% 
solution is desired. Five cc. of either of these reagents are taken for each 
titration. Used in titrating silver by Volhard’s method. 

Standard Iron Solution. A ferric solution, the iron content of which has 
been determined, is diluted and divided so ns to obtain 0.0004 gram of Fe. 
This is made up to 2 liters with water containing 200 cc. of iron-free, C.P. 
HjS 04 . One hundred cc. of this solution, together with 10 cc. of normal 
ammonium sutphocyanate solution, is used as a standard. One hundred cc. 
contains 0.00002 gram of Fe. 

Normal sulphocyanatc contains 76.1 grams of NH 4 CNS per liter. 

Used in standardization of the reagent for the determination of iron. 


Standard Iron Solution. 8.6322 grams of ferric ammonia alum is dissolved 
in dilute hydrochloric acid and made up to one liter. The iron is determined 
in 100 cc. portions by the dichromate method. "One cc. will contain about 
0.001 gram of Fe. 

Ferric Nitrate. One part of salt in 6 parts of water. It is well to add a 
little nitric acid to prevent hydrolysis. 
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Ferrous Sulphate Standard. Reagent for Nitric Acid Determinations. 

A. Reagent to be Used in Titration of Nitric Acid in Sulphurio Acid, Oleum, 
etc. 176..') grams of FeS 04 . 7 H 20 are dissolved in about 400 cc. of water, and 
500 cc. of about 60% H 2 SO 4 (1 vol. of 66 ° B4. acid per 1 vol. of HjO) are added 
with constant stirring, and the solution (cooled if necessary) made up to 
1000 cc. 1 cc. will be equivalent to 0.02 ± gram of HNOj, the exact value 
being determined by standardization. 

li. Reagent for Titration of Nitric in Phosphoric or Arsenic Acid. Ferrous 
sulphate to be used should be made up as follows; 264.7 grams of FeS 04 . 7 Ha 0 
is dissolved in 500 cc. of water, .50 cc. of 66° B<5. H..SO4 (93.2%) added and 
the solution made up to 1000 cc. 1 cc. will be equal to approximately 0.02 
gram of HNO3. The exact strength is ascertained by titrating a known amount 
of nitric acid in phosphoric or arsenic acid upon warming to 40° or .50° C. 

Ferrous Ammonium Sulphate. 0.1 N .solution contains 39.214 grams per 
liter. Dissolve 39.5 grams in water and dilute to 1000 cc. (Hear with a 
few drops of sulphuric acid. Standardize against potassium j)erniangnnuto. 
Pipette out exactly .50 cc. of the ferrous solution, add 5 cc. strong sulphuric 
acid and titrate to a pink color with 0.1 N pota.ssiuni permanganate. The cc. 
permanganate required multiplied by tlu' factor of normality of the perman¬ 
ganate solution divided by 50 will give the normality of the ferrous solution. 
The reagent keeps well if stoppered, but soon loses strength if the bottle is 
opened frequently. 

HydrocUoric Acid, Arsenic-free. The commercial acid is treated with 
potassium chlorate to oxidize the arsenic to its higher form and the acid 
distilled. The distilling apparatus may be arranged so that constant distil¬ 
lation takes place, acid from a largo container dropping slowly into a retort 
containing potassium chlorate, fresh hydrochloric acid being supplied as 
rapidly as the acid distills. See Fig. page 4.S. 

Hydrochloric Acid, Desk reagent. See beginning of chapter. 

Tenth-normal Hydrochloric Acid. This may be standardized by any of 
the accepted methods, or as follows: Twenty cubic centimeters of the approx¬ 
imately N/10 acid is measured out with a pipette, and the silver chloride 
precipitated by an excess c)f silver nitrate solution in a volume of .50 to 60 cc. 
After digesting at 70 to 80° C., until the supernatant liijuid is clear, the chloride 
is filtered off on a tared (iooch filter and washed with wat(!r ctmtaining 2 cc. 
of nitric acid per 100 cc. of water until friaid from silver nitrate. After drying 
to constant weight at 130° C., the increase of weight over the original tare is 
noted and from this weight, corresponding to the silver chloride, the strength 
of the hydrochloric acid is calculated, after which it is adjusted to*the strength 
prescribed. The standardization should be based upon several concordant 
determinations using varying amounts of acid. 

Hydrogen Peroxide. Thirty per cent solution. If this is not available, 
sodium peroxide dissolved in dilute sulphuric acid will do. 

Hydrogen Sulphide. See page 732. 

Indicators. See pages 744-745. 

Iodine Solution. Standard 0.1 N. Dissolve 20-25 grams of potassium 
iodide in as little water as possible. To this add 12.7 grams of resublimed 
iodine (theoretical amount 12.692 grams), and when dissolved make up to a 
liter, preferably in a dark colored bottle as the light affects the solution. 

Standardization. For general use standardize the iodine against 0.1 N 
56 
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sodium thiosulphate, or 0.1 N arsenous acid solution, taking 50 cc. of the 
reagent, carefully measured from a burette or pipette, adding a solution of 
starch and then the iodine solution until a blue color is obtained. Establish 
the factor for the iodine in terms of a true 0.1 solution. Note the temperature 
of th(! solution and make record on the buttle. 

Eur tin plate analysis standardize the iodine solution against standard tin 



Fio. 74. Htoboqen Sulphide Gas Generatino Apparatus 


The apparatus is assembled with A empty at any convenient height peater than 
the desired gas pressure, above M and C. The minimum pressure of gas, in inches of 
water, desired at F is then decided upon. Six inches is satisfactory for most work. 
Water is ndd^^ at E and air is allowed to e.scara through F until water just reaches 
the iron sulphide in C. F is then closed and E is filled with water. F is carefully 
opened and water is allowed to flow from E ta C until the difference between the levels 
in the two bottles equals the desired minimum lead in inches of water. F is then 
clos^; A is filled with dilute acid and the mercury layer in £ is adjusted until the 
pressure of the acid colunm is just sufficient to overcome the back pressure of the 
mercury column in B and the air pressure in C. This is best acconmlished by adding 
slightly more mercury than necessary and then carefully raising £ until the ^ute 
acid begina to drop on the sulphide. A short rubber tubing insert at N facilitates 
this operation. After the mercury layer is correctly adjust^, F is opened and ^ 
apparatus is ready to function. No further adjustments are necessary and operation 
18 entirely automatic. To obtain hydrogen sulphide open cock F. 
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solution. It is convenient to adjust the iodine solution so that 1 co. equals 
exactly .00579 gram of tin. Then, if a sample of the plate having a total 
surface of 8 sq. in. is taken, 1 cc. of the iodine solution is the equivalent of 
one-tenth of a pound per base box. Use starch as indicator. 

Lead Acetate. 10% solution. 100 grams of Pb(C2H!0i)j.3H50 per liter. 
If cloudy, clear with a few cc. of acetic acid. 

Standard Lead Solution. A convenient solution may be made by dis¬ 
solving 0.1831 gram of lead acetate, Pb(C2ll302)j.3H20, in 100 cc. of water, 
clearing any cloudiness with a few drops of acetic acid and diluting to 1000 cc. 
If 10 cc. of this solution are diluted to 1000 cc., each cc. will contain an equiv¬ 
alent of 0.000001 gram Pb. 

Harcourt suggests a jicrmancnt standard made by mixing ferric, copper 
and cobalt salts. For example, 12 grams of Feda tog(!tb(‘r with 8 grams of 
CuCU and 4 grams of CofNOaja are dissolved in water, 400 cc. of hydrochloric 
acid added and the solution diluted to 4000 cc. l.')0 cc. of this .solution to¬ 
gether with 115 cc. of hydrochloric acid (1 : 2) diluted to 2000 cc. \jill give a 
shade comparable to that produced by tin* stamlard lead solution above, 
when treated with the sulphide reagent. The exact value ])cr cc. may be 
obtained by comparison with the lead standaril. 

Lead Acetate Test Paper for Removal of HaS. Large sheets of qualitative 
filter paper are soaked in a dilute solution of lead acetate and dried. The 
paper is cut into strips 7-|-5 cm. 

Lead Acetate Cotton. Preparation of. A roll of absorbent cotton is 
opened and saturated with a 10% solution of lead acetate; and surplus drained 
off, then hung on a line to dry in a warm place away from the influence of 
hydrogen sulphide. Do not dry in an oven. When dry, iflacc in a stoppered 
bottle until used. 

Magnesium Ammonium Chloride. Magnesia Mixture. Fur precipitation 
of ammonium magnesium phosphate, 110 grams of magnesium chloride 
(MgCU.flHaO) are di.ssolved in a small amount of water. To this arc added 
280 grams of ammonium chloride and 700 cc. of ammonia (sjj.gr. 0.90); the 
solution is now diluted to 2000 cc. with distilled water. The solution is allowed 
to stand several hours and then filtered into a large bottle with glass stopper. 
Ten cc. of the solution should be used for every 0.1 gram IVla present in the 
sample analyzed. As the reagent becomes old it will bo necessary to filter 
off the silica that it gradually accumulates from the reagent bottle. 

Magnesia Wash Solution. For washing magnesium ammonium phosphate 
precipitate. 100 grams of NIIaNOa arc dissolved in water, 335 cc. of strong 
NH4OH added and the solution diluted to 1000 cc. * 

Manganous Sulphate Solution. 48 grams of manganous sulphate are 
dissolved in 100 cc. of distilled water. 

Mercuric Chloride. Saturated solution of HgCL (60 to 100 grams per 
liter). 

Mercuric Chloride. 5% solution. 50 g. of HgCL per liter. 

Sensitized Mercuric Chloride (or Bromide Paper). 20X20 in. Swedish 
Filter Paper No. 0 is cut into four equal squares. For use in the large Gutzeit 
apparatus the paper is dipped into a 3.25% solution of mercuric chloride 
(mercuric bromide may be used in place of the chloride) or if it is to be used 
in the small Gutzeit apparatus, it is dipped into a b.35% mercuric chloride 
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solution. (The weaker the solution, the longer and less intense will be the 
stain.) The paper should be of uniform thickness, otherwise there will be an 
irregularity in length of stain for the same amounts of arsenic. See chapter 
on Arsenic. 

Methyl Red Solution. 0.25 gram of methyl red is dissolved in 2000 cc. 
of 95% alcohol; 2 cc. of the inclicator arc used for each titration. As the 
indicator is sensitive to C 02 , all water used must first be boiled to expel carbonic 
acid. 

Nessler’s Solution. Dissolve 50 grams of potassium iodide in the smallest 
possible quantity of cold water. Add a saturated solution of mercuric chloride 
until a faint show of excess is indicated. Add 400 cc. of 50% solution of 
pota.ssium hydrate. After same has clarified by sedimentation, make up to 
1 liter with water, allow to settle and decant. For determining NHj in water. 

Nitric Acid. Desk reagents. Sec beginning of the chapter. 

Nitric Acid. Tenth Normal Solution. The acid is standardized against 
the caustic solution and should be of such strength that 1 cc. of HNOs is 
C(iual to 1 cc. of NaOH. Phenolphthalein indicator is used. Approximately 
6.7 cc. of 95% IINOj diluted to 1000 cc.= N/10 HNO 3 solution. 

Nitric Acid Standard—Ferrous Sulphate Method for Nitrates. Standardi¬ 
zation of the Acid. 11.6 grams of standard potassium nitrate, equivalent to 
about 9.6 grams of NaNOa, are dissolved and made to volume in the weighing 
bottle (100 cc.), and 10 (;c. are placed in the Devarda flask, reduced and the 
ammonia distilled oito 100 cc. of the acid. The temperature of the acid is 
noted and its value in terms of HjSOa, KNO3 and NaNOa stated on the con¬ 
tainer. The acid expands or contracts 0.029 cc. for every degree centigrade 
above or laelow the teinperaturi! of standardization. 

Oxalic Acid. 0.1 N solution. 6..303 grams of HaCaOa.SHaO [xir liter. 

Standardization. Titrate 50 cc., measured by a burette, of the solution 
with 0.1 N NaOlI in presence of phenolphthiilcin indicator. Multiply cc. of 
caustic used by its factor (titration in presence of phenolphthalein) and divide 
by 50 to get the factor for the oxalic acid. 

Titrate the oxalic acid, hot, with 0.1 N KMnOa to a faint pink color. 
Convert cc. of KMnOa to exact normality and divide by 50 to obtain the 
factor for the oxalic acid. 

Palladous Chloride. Five grams of palladium wire are dissolved in mixture 
of 30 cc. of hydrochloric and 2 cc. of nitric acid, this evaporated just to dryness 
on a water bath, redissolved in 5 ce. of hydrochloric acid and 25 cc. of water, 
and warmed until solution is complete. It is diluted to 750 cc. and contains 
about 1 % (if palladous chloride. It will absorb about two-thirds of its volume 
of hydrogen. 

Para^. Dissolve in carbon tetrachloride and use solution for reagent 
labels. 

Peroxide Solution. Dissolve 4 grams of sodium peroxide in 125 cc. of 
dilute sulphuric acid (1 of acid to 3 of water) and dilute to .500 cc. Used in 
titanium colorimetric determinations. 

Standard Potassium Dichromate. The reaction of potassium dichromate 
with iron may be represented as follows: 

K..Cr 207 -l- 6 FeClj+ 14 HCl= 6 FeCl 2 + 2 CrCI,+ 2 KCl-|- 7 HaO. 

When oxygen reacts with ferrous salts, the following reaction takes place: 

6FeCl2+6HCl-t-30= 6FeCla+3HaO. 
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Comparing this reaction with that of dichromatc, it is evident that a normal 
solution of dichromate cotitains one-sixth of the molecular weight of K-CrjOr 
per liter, namely, 49.033 grams. For general use it is convenient to have 
two strengths of this solution, N/5 for ores high in iron and N/10 for products 
containing smaller amounts. See Introduction, § 25. 

Standardimlion. For N/5 solution 9.807 grama of the recrj’stallized 
dehydrated salt are dissolved and made up to one liter; N/10 potassium 
dichromate contains 4.9033 grams of the pure salt per liter. It is advisable 
to allow the solution to stand a few hours before standardization. The Sibley 
iron ore furnished by the U. S. Bureau of Standards, Washington, D. C., 
is recommended as the ultimate standard. For accurate work it is desirable to 
use a chamber burette with graduations from 75 to 90 cc. in tenths and from 
90 to 100 in twentieths of a cc. A titration of 90 to 100 cc. of the dichromatc 
would require 0.9 to 1.1 grams of iron for a fifth normal solution and half 
this amount for a tenth normal solution of dichromatc. If the ore contains 
69 per cent, of iron, 1.4 grains should be taken for a N/5 solution. ^ The ore 
is best dissolved in strong IICl, adding a few drops of stannous chloride solu¬ 
tion and heating just below boiling. In case of an ore or iron ore briquette, 
containing silica in an appreciable amount, a carbonate fusion of the residue 
may be necessary. Reduction and titration of the ore is done exactly as 
prescribed in chaiiter on Iron. 

The equivalent iron in the ore divided by the cc. titration required for 
complete oxidation gives the value in terms of grams per cc., e.g., 1.4 grams 
of ore containing 69.2% of Fe recpiired a titration of 95 cc. of K 2 Cr 207 solution, 
then 


1 cc.= 


(69.2X1.4) 

100 


-7-95=0.0102 gram of Fe. 


Optional Methods for Standardization of Potassium Dichromate 

It is not always possible to use the method of standardization with a 
standard ore, and chamber burettes may not be available. The following 
methods are reliable. 

First. Optional Method. Standardization against Pure Iron. About 0.25 
gram of pure iron wire are dissolved in an Erlenmcyer flask with Bunsen valve. 
Before adding the iron 20 cc. of the dilute sulphuric acid (5 N desk reagent) 
are added and about 2 grams of sodium bicarbonate. This displaces the air 
with CO 2 . The wire is dropped in and the rubber stopper carryifig the valve 
inserted. When the reaction has ceased and the iron is in complete solution, 
the dichromate solution is added until the ferrous iron is just oxidized to 
ferric state, the end-point being recognized by an outside indicator (1% 
solution of potassium ferricyanide being placed in drops on a white tile with 
depressions). Ferrous iron produces a blue color, ferric iron only a yellowish 
color with the indicator. 

Second. Optional Method. 50 cc. of the potassium dichromate solution 
arc pipetted or measured out by a burette into a .300-cc. glass-stoppered bottle. 
150 cc. of water are added and 5 cc. of cone, sulphuric acid. After cooling 
under a tap, 10 cc. of 25% potassium iodide are added, the liberated iodine is 
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now titrated with 0.1 N thiosu.pnate soiution, using starch indicator. The 
potassium dichromatc factor is obtained by multiplying the cc. of thiosulphate 
by its normality factor and dividing by 50. ■ See Introduction, pages 11, 14. 

Potassium Dichromate, hour per cent solution. 40 grams of KsCrjO? 
per liter. 

Potassium Chromate. Ten per cent solution of neutral potassium chro¬ 
mate. 

Potassium Ferricyanide, A%f’e((7.V)6. The salt should be free of ferro- 
cyanide, as this produces a blue color with ferric salts, which would destroy 
tlio end-point. It is advisable to wash off the salt before using. A crystal 
the size of a pinhead dissolved in 50 cc. of water is sufficient for a series of 
determinations. The solution should bo made up fresh for each set of deter¬ 
minations. 

Potassium Ferrocyanide, Standard Solution for Zinc Determination. 21.55 
grams of the crystallised salt i)er liter. (1 cc. of 0.5 gram sample is equal to 
about 1%.) 

Standardization. Low’s Method. Weigh carefully 0.2 gram of pure zinc, 
place in an 8-oz. flask and add 10 cc. of cone, hydrochloric acid (sp.gr. 1.2). 
When the zinc has dissolved, dilute with 25 cc. of water, add a few drops of 
litmus solution, and make slightly alkaline with ammonia. Again acidify 
with hydrochloric acid, adding 3 cc. in excess. Dilute to about 250 cc. with 
hot water, heat to nearly boiling and titrate with the ferrocyanide solution, 
using a 15% uranium nitrate solution as an outside indicator, making the 
tests as in case of the dichromate titration of iron. A brown tinge obtained 
by adding a drop of the titrated solution to a drop of the uranium nitrate on 
a white tile is the end-point desired. It is advisable to divi<le the solution 
titrated, adding the reserve in portions until the entire amount has been 
titrated. This avoids overrunning the end-point. 

Potassium Ferrocyanide for Zinc Determinntion.i. 43.1 grams of pure 
salt in 1000 cc. of water. One cc. = approximately 0.010 Zn. This solution 
should be allowed to stand about four weeks before using. 

Standardization. New Jerxey Zinc Co. Method. Weigh into tall 400-cc. 
beakers several portions of (LP. zinc, using about 0.35 gram. Cover with 
water and dissolve in 10 cc. of hydrochloric acid (sp.gr. 1.2). Now add 13 cc. 
of ammonia (sp.gr. 0.9), make acid with hydrochloric acid, and add 3 cc. 
excess. Add 0.03 or 0.04 milligram of ferrous iron in the form of a ferrous 
sulphate solution and dilute to about 200 cc. with distilled water. Heat to 
boiling and titrate as follows; About one-quarter of the solution is reserved 
in a small bhaker and the ferrocyatiide added to the main solution with vigorous 
stirring. The solution takes on a blue color, which changes to a creamy 
white when an excess of ferrocyanide is added. Now add a few cc. more 
and pour in the reserved portion of zinc solution, excepting about 5 or 10 cc. 
Add ferrocyanide until the end-point is reached and add about ^ cc. more. 
The lost of the reserved zinc solution is then poured into the main beaker, 
washing out the small beaker with a portion of the maip solution, and the 
ferrocyanide added drop by drop until the blue color fadra sharply to a pea- 
green with one drop of ferrocyanide. This is the end-point. Repeat until 
satisfactory standards are obtained. 

Potassium fluoride solution; made by dissolving 100 grams of potassium 
fluoride in about 1200 cc. of hot, COs-frec water, then neutralizing the solution 
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with hydrofluoric acid or potassium hydroxide as the reagent may require, 
using 5 cc. of phcnolphthalein as indicator. Dilute sulphuric acid may 
used in place of hydrofluoric acid in the final acid adjustment to get a neutral 
product. One cc. of the solution in 10 cc. of COrfree water should appear a 
faint pink. The concentrated mix is filtered if necessary and then diluted 
to 2000 cc. with COi-free water. The gravity will now be approximately 
1.32 or about 33° B6. One cc. contains 0.5 g. of potassium fluoride. 

Potassium Hydroxide, (n) For carbon dioxide determination, 500 grams 
of the commercial hydrate are dissolved in 1 liter of water. 

Absorption Capacity. One cc. absorbs 40 cc. of COj. 

(6) For the preparation of potassium pyrogallatc for special work, 120 
grams of the commercial hydrate are dissolved in 100 cc. of water. 

Potassium Iodide Solution. Dissolve 250 grams of potassium iodide free 
from iodate in distilled water and dilute to 1000 cc. 

Potassium Nitrate Standard. The purest nitrate that can be obtained is 
recrystallizcd in small crystals, by stirring, during the cooling of the super¬ 
saturated concentrated solution, and dried first at 100° C. for several hours 
and then at 210° C. to constant weight. Chlorides, sulphates, carbonates, 
lime, magnesium and sodium are tested for and if present arc determined and 
allowance made. 

Used as a standard in the Devarda method for nitrate determination. 

Potassium Permanganate. For oxidation purposes. Two per cent solu¬ 
tion filtered free of dioxide through asbestos is required. 

Potassium. Permanganate, Standard Solutions. As in case of potassium 
dichromate, it is convenient to have two standard solutions, N/5 and N/10. 
(0.2 N and 0.1 N.) 

Since commercial potassium permanganate is seldom pure, it is necessary 
to determine its exact value by standardization. This is commonly accom¬ 
plished by any of the following methods; 

(o) By a standard electrolytic iron solution. 

2KMnO4+10Fe-b0HsSO4=2MnSO,-|-K2SO,-l-5Fej(.SO4),-|-8H,O-bHj. 

(6) By ferrous salt solution, e.g., (NH 4 ) 2 S 04 .FeS 04 . 6 Hj 0 . 

(c) By oxalic acid or an oxalate. 

Reaction. 2KMn04-|-5Na2C204+8H2S04 

= K2SO4-l-2MnSO4+5Na2SO4+10CO2+8H2O. 

From the reactions above it is evident that 2 KMn 04 will oxidize lOFe or 
5 Na 2 C 204 . 2KMn04=K20-t-2Mn0-|-50, hence a normal solution would 
contain one-fifth of the molecular weight of KMn04=31.6 gramj of the pure 
salt. Hence a N/5 solution would contain 6.32 grams’per liter and a N/10 
solution 3.16 grams. 

It is advisable to dissolve the potassium permanganate in about 500 cc. 
of hot water and filter the solution through asbestos to remove any dioxide 
of manganese that may be present, as MnOj aids in the decomposition of 
KMn 04 solution. jJhe reagent should be kept tightly scaled in a dark bottle 
well protected frtWthe light. This solution should stand two or three days 
before standardization. The solution is diluted to 1000 cc. for a 0.2 N solution 
or to 2000 cc. for a 0.1 N solution, if 6.32 grams have been taken. 

Standardization, (a) Iron Wire in Sulphate Solution. Standard iron wire, 
as furnished by chemical supply houses, with the percentage of iron given 
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(usually about 09.8% of Fe), gives results, when properly treated, which are 
practically identical with tho.se obtained by the use of sodium oxalate. 

Samples of 0.2000 gm. are weighed out and the weights multiplied by the 
factor for iron, giving the true weight of iron. 50 cc. of 20% sulphuric acid 
arc placed in a 2.50-cc. Krlenmeycr flask, which is fitted with a rubber stopper 
carrying a Bunsen valve. Into the acid is dropped from one to two grams of 
sodium bicarbonate in order that the air may be replaced by carbon dioxide 
and then the sample of wire is introduced and the flask stoppered by the 
Bunsen valve. The whole is then boiled gently until the iron is completely 
dissolved, and the boiling continued for a minute or two more. The solution 
is now cooled, and, after dilution to 150 cc., titrated to the first permanent pink. 

Net weight of iron . , , , 

- - -;-= iron standard. 

cc. used 

The atmosphere of (Xl-i and the Bunsen valve arc employed so that oxygen 
may be kept out of contact with the hot solution. Under these conditions 
the iron goes into solution completely as FeSOi. The boiling after complete 
solution is necessary in order that all traces of hydrocarbons from the carbon 
present in the iron may be expelled. Hydrocarbons reduce permanganate. 

The complete reaction is: 

2RMnO4+10FcSO,+8Il2SO4-^5Fe2(SO,)3+K2SO,+2MnSO4+8HsO. 

(5) Standardization of KMnO^ against sodium oxalate is recommended as 
the most accurate procedure. The salt has no water of crystallization and is 
not hygroscopic. It can be obtained from the Bureau of Standards with a 
guarantee of purity. Traces of moisture can bo expelled by heating the salt 
to 120° C. for two hours, then cooling in a desiccator. 

The chemistry of the process is as follows: 

2KMn04-»K20+2Mn0+50, 

Na2C204’l“ 112804—^Il2C204-l-Na2S04, 
n2('204 + 0-4H20 + 2C02, 

and so 5O4-5H2C'2O4-»5Il2O+10CO2. \ 

From these expressions it is seen that 

2KMn04 ® 50 o 5H2C2O4 ® 5Na2C204, and the complete reaction is 

2KMuO4+5Na2C2O4+81l2SO4-»K28O4+2MnSO,+8H,O+10CO2. Since 
2KMn04o lOFe, from the reaction 2Fc0+0-»Fe20j, 

2Na2C204 =» lOFe. 

Weigh 0.2 to 0.3 gram of pure sodium oxalate, place in a beaker and add 
200 cc. of water and about 5 cc. strong sulphuric acid. Heat to boiling and 
titrate with the potassium permanganate solution. The reaction starts 
slowly, but with the progress of the titration the action becomes vigorous. 
Towards the end of the reaction the pink color fades less rapidly and finally 
a permanent pink color is obtained with one drop of the reagent. 

Calculation of Normality. Since 67 grams of sodium oxalate per 1000 cc. 
of solution is a normal solution, the cc. equivalent of the amount taken is 
obtained by dividing by 0.067. This value divided by the titration of the 
oxalate with the reagent being standardized will give the normality of the 
reagent. 
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Example. Suppose 0.268 gram of sodium oxalate required a titration of 
50 cc. of the permanganate solution. Since 67 g. is equivalent to 1000 cc. 
N solution of sodium oxalate, then 0.268 is equivalent to 

0.268X1000 divided by 67=4 cc. N sol. 

4 divided by 50= 0.08 N. 

Potassium Permanganate.' Preparation of N/lOO Solution. Dissolve 0.40 
g. of pure potassium permanganate crystals in one liter of redistilled water 
in a thoroughly clean Florence flask which has been rinsed with the same 
water. Digest at or near the boiling point for 36 hours. A funnel covered 
with a watch-glass may be used as a reflux condenser. Cool and allow to 
stand over night. Without disturbing the sediment of manganese oxides, 
filter with gentle suction through a 3-in. BUehner funnel lined with ignited 
asbestos. Both funnel and filter flask should be rinsed with redistilled water. 
Transfer the permanganate solution to a glass-stoppered bottle free from 
traces of organic matter. The solution should be kept in the dark ^'hcn not 
in use. If the asbestos becomes clogged with oxides, tluise may be dissolved 
o\it with hot concentrated hydrochloric acid, followed by washing with re¬ 
distilled water without disturbance of the pad. 

After standing two or three days, this permanganate solution may be 
conveniently standiirdized against N/50 oxalic acid (0.1261 g. of pure crystals 
to 100 cc.) or sodium oxalate of similar strength. To 10 cc. of the oxalic acid 
solution add 10 cc. of 10 per cent sulphuric acid which has been treated with 
just sufficient permanganate sobition to give it a faint pink color. Place in a 
water-bath at 65° C. lor a few minutes. Then titrate at once to a definite 
pink color which persists for at least a minute. C'orrect for the blank obtained 
by titrating 10 cc. of the sulphuric acid and the same volume of water to the 
same end-point. On account of the sensitivity of this reagent it is desirable 
to check it up rather freiiuently. 

Potassium or Ammonium Thiocyanate (Sulphocynnak) O.l N Solution. 
About 8 grams of ammonium or 10 grams of potassium salt are dissolved in 
water and diluted to one liter. The solution is adjusted by titration against 
the N/10 silver nitrate solution. It is advisable to have 1 cc. of the thiocyanate 
eepiivalcnt to 1 cc. of the silver nitrate solution. Owing to the deliquescence 
of the thiocyanates the exact amount for a N/10 solution cannot be weighed. 

Potassium Pyrogallate. Except for use wi^h the Orsat or Hcmpel appa¬ 
ratus, this solution should be prepared only when wanted. The most con¬ 
venient method is to weigh out 5 grams of the solid acid upon a paper, pour 
it into a funnel inserted in the reagent bottle, and pour upjm it 100 cc. of 
potassium hydrate containing 120 grams KOH. The acid dissolves at once, 
and the solution is ready for use. 

Attention is called to the fact that the use of potassium hydroxide purified 
by alcohol has given rise to erroneous results. 

Absorption capacity. One cc. absorbs 2 cc. of 0. 

Salt Solution Standard. • 16.48 grams of fused C.P. sodium chloride are 
dissolved in 1 liter of distilled water. 100 cc. of this solution diluted to 1 liter 
gives a standard solution, each cc. of which contains .001 gram of chlorine. 

SchifPa Fuchsin Bisulphite Reagent. See Index. 

' Jour, of Iml. and Eng. Ch., Feb. 1918. 
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Silver Nitrate Standard Solution. 4.8 grains of dried silver nitrate crystals 
are dissolved in one liter of distilled water. Each cc. of this solution is equiv¬ 
alent to approximately .001 gram pf chlorine, standardized against the Standard 
Salt Solution. 

Note. N /iW solutions of both sodium chloride and silver nitrate can be used 
where it is inconvenient to make too many standard solutions, using the proper factors. 

Silver Nitrate N/IO. This solution contains 10.788 grams of Ag or 16.989 
grams of AgNOj per liter. The silver nitrate salt, dried at 120° C., or pure 
metallic silver may be taken, the required weight of the latter being dissolved 
in nitric acid and made to volume, or 17.1 grams of the salt dissolved in distilled 
water and made to 1000 cc. The solution is adjusted to exact decinormal 
strength by standardizing against a N/lO sodium chloride solution, containing 
5.840 grams of pure NaCl jier liter. 

Silver, Pure, Preparation of. The volumetric methods used for the 
determination of high percentage of silver cmiiloy solutions which should be 
standardized by metal of the highest purity. For the preparation of this 
metal, the electrolytic method as described below is preferred by laboratories 
which arc suitably equipiied. 

By Knorr’s method, a solution of silver nitrate from which excess of nitric 
acid has been removed by evaporation is freed of metallic impurities by 
adding enough sodium carbonate to precipitate one-tenth of the silver, boiling 
and filtering. The silver in the filtrate is precipitated by sodium carbonate 
and the precipitate decomposed without addition of reducing agent, by melting 
in a crucible. Excess sodium carbonate carried down with the precipitate of 
silver carbonate will cover the fusion and such as adheres tightly to the metal 
is readily removed by hydrochloric acid. The metal should be smelted 
under charcoal. 

For standardizing the decimal solution, 1 gram of standard silver is dissolved 
in a funnel-closed liter flask by 20 cc. of equal volumes of nitric acid and water. 
After boiling to decompose nitrous acid the solution is made up to mark with 
water at room temperature. 

When using the standard thiocyanate solution with the object of obtaining 
very accurate results, it is good practice, instead of using a standard solution 
of silver, to obtain the standard by titrating, simultaneously with the assays, 
solutions of known quantities of standard silver approximately equal in amount 
and dissolved in the same manner as the assays. Volhard’s Method for Silver. 

Sodium Bismuthate. Prepare as follows; Heat 20 parts of caustic soda 
nearly to rpdncss in an iron or nickel crucible, and add, in small quantities at 
a time, 10 parts of basic bismuth nitrate, previously dried in a water oven. 
Then add 2 parts of sodium peroxide and pour the brownish-yellow fused 
mass on an iron plate to cool; when cold, break it up in a mortar, extract 
with water, and collect on an asbestos filter. The iwidue, after being washed 
four or five times by decantation, is dried in the water oven, then broken up 
and passed through a fine sieve. 

Sodium Carbonate. 10% solution. 100 grains of NajCOs per liter. 

Sodium Hydroxide. Desk reagent. See the befpnning of this chapter. 

Sodium Hydroxide. Normal solution. 1 cc. of the reagent is equivalent 
to 0.04904 g. of HjSO^. Use rubber stoppers for bottles with sodium com¬ 
pounds. 
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Preparation of Standard Solution. Make up a stock concentrated solution 
if sodium hydroxide by dissolving sodium liydroxide in water in the proportion 
if 200 grams of NaOH to 200 cc. of water. . Allow this solution to cool and 
settle in a stoppered buttle for several days. Decant the cIcNir lisiuid from 
the precipitate of sodium carbonate into another clean bottle. Add clear 
barium hydroxide solution until no further precipitate forms. Again allow to 
settle until clear. Draw off about 175 cc. and dilute to 10 liters with freshly 
boiled distilled water. Preserve in a stock bottle with a large guard tube 
Slled with soda lime. Determine the exact strength by titrating against pure 
benzoic acid (CeHjCOOH) or against standard sulphuric acid, u.sing phenol- 
phthalein as indicator. This solution will be approximately one-fourth normal, 
but do not attempt to adjust it to any exact value. Determine its exact 
strength and make proper corrections in using it. See chapter on Alkalimetry 
ind Acidimetry. 

This should be made of such strength that 1 cc. is equal to 1 cc. of the 
standard acid, 2 cc. of methyl red being used as indicator. Ten cft of the 
icid are diluted to 500 cc. and the alkali added until the color of the indicator 
changes from a red to a straw cu^t. 

Sodium Hydroxide. Tenth Ndrmal Solution. For determination of pho.s- 
phorus by the alkali volumetric method, consult chapter on Phosphorus. 

Sodium Hydroxide Soiution, Alcoholic. Dissolve pure sodium hydroxide 
n 95 per cent alcohol in the proportion of about 22 grams per 1000 cc. Let 
itand in a stoppered bottle. Decant the clear liquid into another bottle, 
ind keep well stoppered. This solution should be colorless or only slightly 
ifcllow when used; it will keep colorless longer if the alcohol is previously 
created with NaOH (about SO g. to 1000 cc.), kept at about 50° C. for 15 
lays, and then distilled. 

N/6 Sodium Oxalate. NasCaOj reacts with KMn 04 as follows: 
5NasC2O4-|-2KMnO4-l-8H2SO4=K.2SO4-t-2MnSO4-|-5Na,SO4+10COj-|-8H2O. 

Hence 5 NajC 204 divided by 10 or 134 divided by 2=67 grams per liter 
= a normal sodium oxalate solution. A N/5 solution recjuircs 13.4 grams 
MasCa 04 per liter. 

Sodium Sulphide. Ten per cent solution, made from colorless crystals, 
lodium sulphide may be made by saturating a strong solution of sodium 
lydroxidc with hydrogen sulphide gas, and then adding an equal volume of 
;he sodium hydroxide. The solution is diluted to required volume, allowed 
;o stand several days, and filtered. 

Sodium metabisulphite. Solid salt of NusSsOt. , 

Sodium Thiosulphate. Used in copper determinations. 7.5 grams of the 
lalt, NaaSjOj.SHjO, are dissolved and made to 2 liters with water. The 
lolution is standardized against a copper solution containing 1 gram of pure 
;opper per liter. 1 cc. = 0.001 gram of Cu. Approximately the same amount 
)f copper in the same volume of solution is taken as is to be determined by 
,he assay. For high-grade copper ores and crude copper, etc., it is advisable 
o prepare a standard thiosulphate solution ten times the above strength. 
The copper solution is mdde slightly ammoniacal and then acid with acetic 
icid. Potassium or sodium iodide crystals, free from iodate, are added and 
he liberated iodine titrated with the standard thiosulphate. (8ee Procedure 
mder Copper.) 
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Sodium Thiosulphate, Standard 0.1 N Solution for General Analysis 

Sodium thiosulphate reacts with iodine as 

follows; 

l2'i"2Na2S205“ 2NaI*i"Na2S20e. 

1 gram molecule of thiosulphate is equivalent to 1 atom of iodine= 1 atom 
of hydrogen, hence a tenth normal solution is equal to one-tenth the molecular 
weight of the salt per liter, e.g., 24.822 grams of NajSaOs-.'iHjO; generally a 
slight excess is taken—2.5 grams of the crystallized salt. It is advisable to 
make up 5 to 10 liters of the solution, taking 12.5 to 2.50 grams of sodium 
thiosulphate crystals and making up to volume with distilled water, boiled 
free of carbon dioxide. The solution is allowed to stand a week to ten days, 
and then standardized against pure, resublimcd iodine. 

Slandardizalinn. Abolit 0..5 gram of the purified iodine is placed in a 
weighing bottle containing a known amount of saturated potassium iodide 
solution (2 to 3 grams of KI free from KIOj dissolved in about § cc. of IIjO), 
the increased weight of the bottle, due to the iodine, being noted. The bottle 
and iodine are placed in a beaker containing about 200 cc. of 1% potassium 
iodide solution (1 gram KI ])or 200 cc.), tlie stopper removed with a glass 
fork and the iodide titrated with the thiosulphate to be standardized. 

Calculation. The weight of the iodine taken, divided by the cc. of thio¬ 
sulphate required, gives the value of 1 cc. of the reagent; this result divided 
by 0.012002 gives the normality factor. 

Note. The thiosulphate solution may Ix! standardized against iodine, which has 
been lilx!ratc<l from |H>ta.ssiuni iwlalc in pnaencfi of hydn)chloric acid bv a known 
amount of standard potassium hi-iodalc, a salt which may be obtained exceedingly pure. 

KIO,.inO3+10KH-llHCl = nKCl+f)H2O+6l2. 

A tenth normal solution contains 3.2196 grams of the pure salt p<T liter. (One cc. 
of this will lilx!rate 0.01‘.W92 gram of i(Kline from potassium iodide.) The purity of 
the salt should be establisheil by slaudardiziiig against thiosulphate, w'hich has Ix'cn 
freshly tested agivinst pure resublimcd iodine. 

About 6 grams of pota.s.sium iodide (tree from iodatc) .arc dissolved in the h!n.st 
amount of water that is necessary to effect solution, and 10 cc. of dilute hydrochloric 
wiid (1 : 2) are added, and then .50 cc. of the standard bi-iodatc solution. The solution 
is diluted to atxmt 250 cc. and the lilicrated iodine titrated with the thiosulphate reagent; 
60 cc. will bo required it the reagents arc exactly tenth normal. 

Optional Methods of Standardization. The thiosulphate may be stand¬ 
ardized against standard 0.1 N potassium dichromute (4.9033 grama of pure 
KsCrjO? per liter of solution) as follows. Place in a beaker 100 cc. of distilled 
water and 10 cc. of a 2.5% solution of pota.ssium iodide. Now add from a 
burette 50‘cc. of the standard N/10 potassium dichromate and 10 cc. of cone. 
HCl, and titrate the liberated iodine with standard N/10 thiosulphate reagent. 
When the yellow color has almost disappeared, add about 2 cc. of starch solu¬ 
tion and continue the titration yntil the blue changes to a sea-green. The 
oc. of dichromate taken divided by the cc. of thiosulphate required will give 
the factor in terms of tenth normal solution. 

Tenth normal potassium permanganate may be used to liberate the iodine 
in place of the dichromate, if desired, and the' thiosulphate titration made 
as usual. 

It is best to leave the thiosulphate solution as it is after determining its 
exact iodine value, rather than, to attempt to adjust it to exactly decinormal 
strength. Preserve in a stock bottle provided with a guard tube filled with 
soda lime. 
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Sodium Thiosulphate Solution. N/lOO solution is made os needed from 
the N/lO stock solution. , 

Sulphuric Acid. Desk reagents. Sec first part of this chapter. 

Sulphuric Acid. Standard. See chapter on Acidimetry and Alkalimetry. 
Sulphuric Acid Solution, Half Normal. Add about 15 cc. of sulphuric 
acid (1.84 specific gravity) to distilled water, cool and dilute to 1000 cc. 
Determine the exact strength by titrating against freshly standardized sodium 
hydroxide or by any other accurate method. Either adjust to exactly half 
normal strength or leave as originally made, applying appropriate correction. 


Stannous Chloride Solution. The reagent is prepared by dissolving 2 
grams of stannous chloride crystals in hot concentrated hydrochloric acid 
and making up to 1 liter. The solution should be kept in a dark bottle to 
which the titrating burette is attached in such a way that the li(|uid may be 
siphoned out into this, as shown in the illustration. Fig. 83. The air entering 
the bottle passes through phosphorous or i)yrogallic acid to remove the oxygen. 
In this way, protected from the air, the reagent will keep nearly constant for 
several weeks. It is advisable, however, to rcstandardizc the solution about 
every ten to fifteen days. One cc. will be ecpiivalent to about 0.001 gram of Fe. 

Stannous Chloride, Strong. Sixty grams of the crystallized salt are 
dLssolved in 600 cc. of strong HCl and made up to one liter. The solution 
should bo kept well stoppered. 

Starch Solution. Five grams of potato or arrowroot starch arc rubbed to 
a paste in cold water, 200 cc. of hot water stirred in, the starch dissolved by 
boiling, and then poured into about two liters of hot w’ater and boiled for a 
few minutes. 

Preservatives. Various preservatives are used for preserving the starch 
solution. A few ec. of 5% NaOlI solution added to the boiling solution 
above will prc.scrve the starch. 

Salicylic acid, 10 cc. of 1% solution per liter is a good preservative. 

Chloroform, a few drops per liter of starch solution. 

Zinc chloride solution, a few cc. of 10% solution per liter. 

Sodium chloride and acetic acid. The starch solution is prepared by 
adding to 500 cc. of a saturated sodium chloride solution (filtered) IM cc. 
of 80% acetic acid and 3 grama of starch, mixing cold. The solution is 
now brought to boiling and boiled about two minutes. The solution 
thus prepared keeps indefinitely. 

Tartrate Solution, Alkaline. Twenty-five grams of C.P. sodium potassium 
tartrate, NaKC<H 406 . 4 Hj 0 , is dissolved in 50 cc. of water. A little ammonia 
is added and then sodium sulphide solution. After settling some time the 
reagent is filtered. The filtrate is acidified with hydrochloric acid, boiled 
free of H 5 S and again made ammoniacal aud diluted to 100 cc. 

Thymol Solution 1%. The thymol is dissolved in n little glacial acetic 
acid containing 10 % of ethyl alcohol, and this solution added to concentrated 
sulphuric acid. Addition of the thymol directly to the acid would produce a 
colored solution. The i-eagent should be kept protected from strong light, 
otherwise it will become colored. 

Tinr, Amalgamated. This is best prepared by dissolving 5 grams of 
mercury in 25 cc. of concentrated nitric acid with an equal volume of water, 
250 cc. of water are added and the solution poured into 500 grams of shot 
zinc, 20-mesh. When thoroughly amalgamated, the solution is poured off 
and tbe cine dried. 

67 



744 


INDICATORS 


PREPARATION AND USES OF CHEMICAL INDICATORS 

Cochineal. Yellowish red with acids, violet with alkalies. Cannot be 
used in presence of iron, alumina, or acetates. Cochineal may be used for 
the titration of ammonia and for alkali carbonates and bicarbonates in cold 
solution. Carmiuic acid is the essential compound in this indicator and is 
preferable to the indicator made from cochineal. 

Preparation. One part of the crushed insect is extracted with 10 parts 
of 25% alcohol. The extract when filtered is ready for use. 

Laemoid. Red with acids, blue with alkalies. 

Preparation. It is advisable to use the C.P. reagent. 0.2 gram of the 
purified laemoid is diksolved in 100 cc. of alcohol. The commercial product 
may be purified by dissolving in alcohol (96%) and filtering. The filtrate 
is evaporated over strong sulphuric acid in an evacuated desiccator and the 
residue used. 

The reagent is used in the titration of strong acids and bases and ammonia. 
It is not suited for titration of weak acids or nitrous acid. 

Litmus. Red with acids, blue with alkalies. 

Preparation. A solution obtained by extracting the crushed cubes with 
hot water may be used after allowing the insoluble matter to settle out. With 
such a solution the color change is not sharp. The best method of preparation 
is os follows; The unbroken cubes are digested for some time with several 
portions of warm (85%) alcohol. The alcoholic solution contains undesirable 
compounds and is thrown away. The residue is boiled with water, allowed 
to stand several days and the solution siphoned off. This blue solution is 
made slightly acid with acetic acid, evaporated to a syrup, and then mixed 
with a large amount of 95% alcohol. By this means the desired coloring matter 
(azolitmin) is precipitated. It is filtered off, washed with hot alcohol and 
dissolved in sufficient hot water to give a solution 3 or 4 drops of which will 
impart a distinct blue color to 50 cc. of water. Tincture of litmus should be 
preserved in a wide-mouthed bottle loosely stoppered with a plug of cotton 
so as to exclude dust while permitting the access of air. Litmus gives good 
results with miueral acids, oxalic acid and caustic alkalies; if used in titrating 
carbonates, the solution must be boiled to expel COj as it affects the indicator. 

Methyl Orange. Pink with acids, yellow with alkalies. 

Preparation. 0.2 g. is dissolved in 100 cc. of hot water. If not clear 
after cooling, it should be filtered. Methyl orange is not very sensitive to 
acids. For this reason it should not be used with organic acids. Because of 
its low sensitiveness to acids it may be used for the titration of carbonates 
in cold solution. It gives good results with ammonia. 

Phenacetolin. Color with mineral acids is golden yellow. Color with 
alkali carbonates and ammonia is pink. 

Preparation. Dissolve 0.2 gram in 100 cc. of 50% alcohol. 

Phenolphthalein. Colorless with acids, red with alkalies. 

Preparation. One-tenth of a gram is dissolved in 100 cc. of 85% alcohol. 
Phenolphthalein is very sensitive to acids, less sensitive to alkalies. Can be 
used with mineral acids and with most organic 'acids. Carbonates give 
indistinct end-points unle.s3 solution is boiled to expel COi. Useless with 
ammonia. 



INDICATORS 


745 


Rosolic Add. Yellow with acids, violet red with alkalies. 

Preparaliun. Dissolve 0.2 grams in 100 cc. of 8.5% alcohol. Rosolic acid 
can be used with mineral acids including sulphurous acid and with oxalic 
acid, but not with other organic acids. In neutralising sulphurous acid with 
ammonia this indicator changes when the normal sulphite is formed. It is 
somewhat affected by carbonic acid. 

Tumeric Paper. Yellow with acids, brown with alkalies. 

Preparation. Pieces of the root are first digested with several portions of 
water to remove undesired matter, and then with alcohol. Pajxir is moistened 
with the alcoholic solution and dried in the dark. It is used in titrating 
highly colored solutions where an inside indicator cannot be used, and for 
the detection of borates. When moistened with a .solution containing free 
boric acid and then dried, a brown color results which is not destroyed by 
dilute sulphuric or hydrochloric acids and is changed by alkali hydroxide to a 
bluish-black color. 
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Preparation of Compounds 

Cupferron. A liter of water, 30 grama of ammonium chloride and 60 
grams of nitrobenzine are stirred by means of a mechanical stirrer to an 
emulsion. While stirring 80 grams of zinc dust are added in small portions, 
keeping the temperature of the mixture between 15“ and 18“ C. by addition 
of shaved ice. When the odor of nitrobenzine has disappeared and the pre¬ 
cipitate of zinc hydroxide appears gray sufficient zinc dust has been added, 
about half an hour reduction usually being required. The cooled solution is 
filtered and the precipitate washed with ice water,. From the filtrate and 
washings phenyihydroxylamine crystals are now salted out by means of NaCl 
added to saturation of the solution at 0“ C. 

The white needle-like crystals are filtered off with suction and dried be¬ 
tween filter paper. (Caution; Solutions of phenyihydroxylamine are active 
skin ptoisons. Wash off with water and alcohol.) 

The crystals arc dissolved in about .500 cc. of ether, the solution filtered 
through a dry filter, then cooled to 0“ C. and saturated with dry ammonia 
gas. A little more than the theoretical amount (one mole) of fresh amyl 
alcohol is added as quickly as possible. Heat is generated and snow white 
crystals of cupferron precipitate out. The mother liquor is filtered off and 
the crystals washed with ether and dried between filter papers. The cupferron 
should be kept in a closely stoppered bottle containing a small lump of ammo¬ 
nium carbonate. 

Cupferron, CeHtNjOaNH 4 will precipitate copper, iron and titanium from 
strongly acid solutions. Copper salt is gray, ferric salt red and the titanium 
salt is yellow. The separation of iron and titanium in acid solutions from 
aluminum, chromium, manganese, cobalt, nickel, zinc and alkali earth metals 
makes it a valuable laboratory reagent. Zirconium will precipitate with iron 
and titanium if present. The reagent is not very stable in acid solution. 
Precipitations are made from cold solutions. 

Copper precipitated with iron by means of cupferron may be dissolved 
out with ammonium hydroxide and reprecipitated by acidifying the filtrate, 
containing the copper, with acetic acid. The reagent is removed from the 
copper by washing with a 1% solution of sodium carbonate. 
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AbW refractometcr, 1125 
Abrahuin, II., bituminous sutetanws, 
1289-13.50 


Abraham's ductility test, 1304 
Absorption bulbs: 

carbon dio.\i<ic, Fleming, Gcissicr. Clcr- 
hurdt, biebiff, Vanicr, 111, 111 
gas analysis, Friedrich, llanjkus, No- 
wicki-Heins, VatTcntrapp, Winkler, 
IVolff, 1237 

Al»orption S|)cctrum, carbon monoxide in 
air, 1'274 

Accuracy in methods of gas analysis, 1251 
Accuracy, limit of, in alloy analysis, 1041 
Aexitauilid, 1732 

Aexstate extraction of lead, 273, 279 
Acetates, 1547 

Acetic acid, complete analysis of acetone, 
formic acid, furfurol, hydrochloric 
acid, metals, suliihuric acid, sul¬ 
phurous acid, 1.545-1.547 
method for nitrite, 338 


spi'cific gravity table, 073, 1548 
Acetic anhydride, analysis of, 1544 
Acetin method for det. glycerol, 17.55 

Acetone, analysis of, 17.59 . 

extraction of rubber, 1570, li)8.5, l.)87 


in acetic aci<!, 1540 
Acctvl value for oils, 1135 
Acetylene, flame, temperature of, 658 
properties of, r227g 
Acid numlier in soap analysis, 100-1 
Acid, free in soap, 1000 
Acidimetric and alkalimetric methods for 
mcfabisulphites, sulphites, sulphurous 
acid, 513 

phosphortis in steel, 1304 
Acidimetry and alkalimetry, 1491-1.500 
Acid numfier, Chinese wood oil (Tung oil), 
1109 


linseed oil, 1165 
varnish, 1174 

Acid numlicr, linseed oil, 1165 
Acidity in explosives, 1394 
in nibber, 1.570 ^ ’ 

in water, 1429 
Acids, chapter on, 1491 
analysis of acetic. See subject aliove. 
carbolic, 1.549 
carbonic, 1549 


Aciil, citric, 1.549 

chlorsulphonic, 1.540 
fluosilicic, 1.507 
formic, 1.542 

hydrochloric, determination of tot id 
acidity, arsimie, liarium, chloride, 
chlorine, nitric acid, sulphuric 
acid, silica, total soliijs, 1.501 
hydrofluoric, ileterinination of acidity, 
hydrofluosilicic acid, sulphuric 
acid, sulphurous acid, 1.500, 1509 
nitric, determination of acidity, free 
chlorine, hydnichloric acid, io¬ 
dine, nitric and nitrous acids, 
non-volatile solids, sulphuric 
acid, 1.509 

procedure for detennining, in ar¬ 
senic acid, ferrous sulphate 
method, 1510 

in oleum and mixed acids, 1515 
in phosidioric acid, 1510 
in sulphuric acid, 1514 
nitrous, jicrmangnnatc titration of, 
1.510, 

oleum and mixed acids, complete 
analvsis, determination of total 
acidity, lower oxides, nitric acid, 
siilpliuric acid and free >SO>, calcu¬ 
lations, table, 1.530-1540 
organic, 1.542-1551 
phosphoric acid, analysis of, 1.521 
siilnhuric acid, analysis of, 1.524 
det. lead, iron, arsenic, zinc, sele¬ 
nium, hydrochloric and nitric 
aciils, 1.524-1.528 
tartaric acid, 1.5.50 
Acids—arsenic in acids, 49^ 
corrections for in calorimetry, 16.53 
fommlai for diluting or strengthening 
of, 1.533 

free acids in aluminum salts, estimation 
of, 12 

in aluminum salts, test for, 13 
in presence of iron salts, estimation 
of, 1.551 

indicators for determination of, 1491 
miinlsir in oil analysis. Sixi Oils, 
reactions—tables of, 030, (MO-<1.53 
standards, preparation at benzoic, hy¬ 
drochloric, sulphuric, 1493-1495 
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Acids—teat for, in animal and vegetable 
oils, 1140 

in burning oils, 1113 
in Chinese wood oil, 1160 
in varnish, 1174 
titratbn of, 1497 
tungstic, solution of, 556 
strong acids. Blay-Burkhard burette, 
bulb tube, Deli tube, Lunge-Ray 
pipette, snake tul)c, 1498 
weighing dilute acids, 1498 
Acker process for determination of tin, 531 
Adolph’s apparatus for fluorine dot., 218 
modifleation of Offerman’s method for 
fluorine, 218 

Ahlum’s method for free acids in presence 
of iron salts, 1541 
Air, composition of, 338 
examination of. See Ons Analysis, 1272 
oxygen it^ hydrogen comliustion meth¬ 
od, 1247 

phosphonis method, 1246 
pyrogallate methml, 1247 
pound per cubic foot of coal burned, 
calculation of, 1254 
sulphur dioxide in, 1283 
Air, ary, properties of, 1227f, 1287 
saturated, properties of, 1288 
Albuminoid ammonia, determination of, 
in water, 1413 

Alcohol, ethyl, detection of, 1728, 1743 
determination of distillation and evu|>- 
oration methods, 1744 
specific gravity tables, 1748 
Alcoholic-KOH extraction of niblicr, 
1588 

Alcohol-insoluble matter in soap, 1601 
methyl, dct. of, 1728, 17.53 
Aldehyde, dct. of, 1745 
Alexander’s volumetric method for dc- 
tennining lead, 277 
method for rublwr, 1.568 
Aliisarine 8 for determination of alumi¬ 
num. 14 

test for aluminum, 3 

Alkali arsenates, arsenic determination in, 
35 

standard for, acidimetry and alkalim¬ 
etry, 1493-1496 
Alkali combined in soap, 1601 
Alkali fluorides, det. of, 224 
Alkalies, trudy^s of, 1.152-1.560 
Alkalies, chapter on, 401,15.52 
detection of ca-sium, lithium, potassium, 
rubidium, sodium, 401-^ 
estimation in alunite, 417 
in Portland cement, 1216 
in silicates, hydrofluoric acid method, 
417 

J. Lawrence Smith method, 416 
volumetric method, 418, 1552 
physical properties, 401 


Alkalies, preparation of the sample, ferti¬ 
lisers, 404 

plants, ashes of, 405 

rocks and insoluble mineral products, 

404 

saline residues, soluble salts, brines, 

405 

soils, 404 

reaction—tables of, 644 
separation from aluminum, chromium, 
iron, phosphoric acid, titanium, 
uranium, 406 

from barium, cidcium, strontium, sul¬ 
phuric acid. 406 
from each other, 408 
from the hydrogen sulphide group 
and silica, 405 
from maEnesium, 405 
test for irimum, 383 
for tmlladium, 382 
Alkalimeter, Mohr’s, 147 
Schroetter’s, 147 

Alkalimetric method for determining 
phosphorus, 368 
for determining strontium, 491 
Alkaline earths. See Barium. ' 
separation from one another, 60 
silicates in soap analysis, 1604 
Alkalinity determination in water, 1429 
.41kaloid8, 1731 

Allen, method tor traces of iron, 244 
modifleation of Uevarda’s method for 
nitrates, 346 

and Bishop method for sulphur in 
pyrites and sulphur ores, 498 
Allihn’s method for sugar in soap, 1159 
■Mloy steel. See Iron and Steel. 

Alloys, 1036-1107 

determination of aluminum in, 1090, 
1106h 

antimony in, 28, 1074, 1086, 1103 
arsenic in, 1088 
bismuth in, 286, 1047 
cadmium in, 1087 
carlxin in, 1102, 1106g, 1106i 
copper in, 1049, 10.53, 1058, 1067, 
1071, 1076, 1098, 1099, 1106, 
llOOj 

iron in, 1056, 1073,1082,1092,1097, 
1106j 

lead in, 1051, 1052, ia53, 1061, 1062, 
1067, 1071, 1080, 1081, 1106, 
liq6a, 1106b 
magnesium in, 1106c 
manganese in, 1056,1067, 1093, 1100, 
1101, 1106d, 1107 
nickel in, lp83, 1094, 1106b 
phosphorus in, 10.59, 1063,1078, 1084 
silicon in, 17e, 109.5, 1103 
sulphur in, 1075, 1087, 1107 
tin in, 1054, 10.59, 1060, 1072, 1077, 
1079, 1105 
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Alloys, titanium in, 1006, 1103 
sine in, 1063, 1094, 1106c 
Alloys, decomposition of, 71,101,167,183, 
186,272,1040,1041-1066,1072 
—detection of bismuth in, 1047 
of gold in, 228 
general, alloys with; 
antimony, 20, 21 
iridium, 388 
iron-titanium, 297 
load, 21, 272 

manimnese, 286. See Alloys. 

molybdenum, 297 

nickel, 331, 336. Sec Alloys. 

rhodium, 393 

silicon, 297, i368a 

tin, 21, 536a 

titanium, 540 

tungsten, 297, 554, ,5.56, 5,58 
vanadium, 297. See chapter on V. 
non-ferrous allots, 1033-1066 
alloys of antimony, copper, lead and 
tin, 1041-1047 

aluminum alloys, 17, 1090,1095-1106 
brass and sand castings, 1067-1075 
bronze and bearing metal, 1076-1089 
gun metal, 10.58-1063 
manganese bronze, 1047-10.57 
monel metal, 1106 

nickel silver and cupro nickel, 1092- 
1094 


phosphorus in alloys, 10f)3-1066 
white metals, 1047-1048 
Alpha benzyldioxinic method for deter¬ 
mining nickel, 332 
test for nickel, .311 
Alumina in bauxite, 15, 17g 
in nitrate of soda, 3.50 
in phosphate, together with iron, 372 
in Prussian blue, 1197 
in ultramarine blue, 1197 
in sand, 448 
in sli^, 1612 
in silicate of soda, 447 
in titanifemus ores, 552 
in water, 1423 

basic, determination of, in aluminum 
salts, 13 

Alumina and iron oxide in composite 
white paint, 1189 
in green paint pigments, 1199 
in metallic lead, 290 
in Portland cement, 1216 
together in phosphate rock, 372 
Alumina ores, arsenic determination in, 
.50 

Alominum, detection of, 3 , ' 
estimation, ^neral procedures: 
gravimetnc, by hydrolysis with am¬ 
monium hydMxide,'7 
by hydrolysis with sodium thiosul¬ 
phate, 9 


Aluminum, by precipitation as aluminum 
chloride, 10 
as phosphate, 9 

volumetric, determination of com¬ 
bined alumina, 11, 1.5 
frro alumina or (tea acid, 12 
special procedures: 
analysis of metallic aluminum for 
silicon and iron, 17a 
in alloys, 1090, 1106h 
in bronze, 16 
in liauxite, 17g 

in iron and steel, 17a, 268-269 
in metallic aluminum dust, 17o 
in nickel, 336d 

in presence of iron, phcnylhydra- 
zine method, 5.52 

impurities in metallic aluminum, 17a 
industrial application, 3 
occurrence, minerals and ores. 3 
preparation and solution of the sample. 


metallic aluminum and its alloys, 5 
properties, 3 

aluminum phosphate, 10 
separation from glucinum, iron, manga¬ 
nese, nickel, phosphoric acid, silica, 
titanium, uranium, zinc, 5, 6 
from chibmium, 158,1.59 
from glucinum, 69a 
solubilities, metal and its oxide, 3 
traces, detection and estimation of, with 
alizarine S, 3 

Aluminum Company of America, methods 
for aluminum, 17n-l71 
methods for alloys of Al, 17a-171 
Aluminum precipitate of Cu, 184, 19.3a 
Aluminum reduction method for nitrates, 
1416 

Aluminum hydrate, analysis of, 17h 
Aluminum sulphate, analysis of, 1773 
Aliinitc, alkalies in, 418 
American Vanadium Company, methods 
of analysis, 594-596 

Amino-nitrosophenyl-h ydroxylamino 
method for iron, 2.W 

Ammonia, albuminoid, in water, estima¬ 
tion of, 1413 , 

free in water, estimation of, 1412, 1434 
gravimetric method for, determining as 
platino-chloride, .342 
reagent for etching, 1705 
totiU, in ammoniacal liquor, 34.3 
traces, determination of, in gas, 1261 
volatile, in ammoniacal liquor, 343 
volumetric method, 343 
Ammonia, aqua, volumetric method for, 
1560 

in fused zinc chloride, det. of, 617 
conversion to UNO,, 36lc 
specific gravity table, 675, 1,559 
Ammonia-dynamite, analysis of, 1379 
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Ammonium chloride, fusion with per¬ 
chlorate ^note), 152 
test for iridium, 
test for palladium, 383 
test for platinum, 376 
test for vanadium, 583 
hydroxide method for determining 
traces of copper, 199 
table, 675, 1559 
test for iron, 246 
test for palladium, 382 
test for rhodium, 389 
iridium chloride, determination of 
iridium as, 382 

magnesium phosphate, acid titration of, 
294 

])ropertic8 of, 294 

nitrate washing solution for aluminum 
hydroxide, 8 
nitrate-pyridine in, 1309 
oxalate reagent for oxygen consumed, 
water analysis, 1417 
persulphate method for Mn det., 266, 
305 

phosphomolylidate method for phos¬ 
phorus, 366 

phosphate method for separating mag¬ 
nesium from alkalies, 408 
method for zirconium, 622a 
platinochlorido method fur determining 
ammonia, 342 

Ammonium nitrate, pyridine in, 360 
Ammonium persulphate m. for Mn, 2ii6 
Ammonium picrate, analysis of, 1393 
Ammonium salts, effect on magnesium 
precipitation, 293 

effect on sulphur determinations, 497 
determination of ammonia in, 341 
mixtures, ammonia in, 343 
sulphate, det. of, in shale, 1350 
sulphide group, separation of, 168, 292, 
405 

sulphide method for mercury, 377 
t^t for ruthenium, 387 
teat for vanadium, 583 
sulphocyanute test fur cobalt, 166 
test for iron, 246 
table, gp. gr., 1559 
Amorphous sulphur, det. of, 519a 
Ampre, definition 01^^708 
Amyl alcohol. See Fu*l Oil. 

Andrew’s method for silver, 463 
Andrew-Burgarszk’s method for analysis 
of crude bromide and bromine, 96 
Anemometer, 1236 

Aniline method for det. acetic anhydride, 
1544 

Animal and vegetable oils, 1133, 1140d 
analysis of, 1123 
test for, 1134 
Anthraquinone, 1325 
Antifluorescence, teats for, 1135,1141 


Antilogarithms, table of, 715 
Antimonous and antimonie salts, distinc¬ 
tion between, 18 

Antimony, detection of, by hydrogen sul¬ 
phide test, hydrolysis, m minerals, 
traces, 18 

estimation, general procedures: gravi¬ 
metric, electrolytic as metallic anti¬ 
mony, 25 

as trisulphide, Sb,Ss, 24 
volumetric, bromate method, 26 
indirect evolution method, 28a 
iodide method, 27 
oxidation with iodine, 28 
permanganate method, 28a 
estimation, special procedures: 

determination in alloys, in brass 
and bronze, 28b, 1074, 1086, 
1105 

in ash of rubber, 1592 
in copMr, 202 
in hard lead, 25 
in metallic lead, 289 
in nickel, 336e 1591 

in rublier goods, 21, 1512, 1580, 
in sulphuric acid, 1526 
in soft solder, 28 
in tartar emetic, 33 
in tin and lead alloys, 28 
in presence of vanadium, 592 
industrial application of analysis, 18 
occurrence, minerals, ores and alloys, 18 
preparation and solution of the sample: 
alloys of antimony, tin, and lead, 
hard lead, low-grade oxides, 
mattes, slafp, smisses, sulphides, 
rubber materials, 19-21 
properties, antimony trisulphide, 24 
separation from memliers of the subse¬ 
quent groum, aluminum, chro¬ 
mium, cobalt, iron, manganese, 
nickel, zinc, alkaline earths and 
alkalies, 22 

from bismuth, cadmium, copper, lead 
and mercury, 22 

from arsenic, antimony and tin, 22-23 
from tin in alloys, 1041 
solubility of the clement and its oxides, 
19 

solution for ttandard stains, 31 
traces of, in refined copper, 32 
traces, determination of, 29 
Antimony and calcium oxides in AsiOa, 54 
Antimony oxide pigment, 1193 
Antwerp blue, analysis of, 1197 
Apothecaries’ weight table, 703 
Apparatus! Bee lists following Table of 
Contents, Vol. 1 and Vol. 2. 
standard, calibrated, lt»‘>-1694 
Applebaum, A. F., chromium in steel, 164 
Aqua ammonia, 1559-1560 
Arc, electric, temperature of, 650 
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Areas, fonnute for determining, 703 
table of, 702 

triangle, rectangle, parallelogram, tm|)- 
czoid, circle, 703 
Argon in the atmosphere, 358 
Amold-Kjeldahl-Gunning method for 
nitrogen, 339 
Arsenates, alkali, 35 
Arsenates, distinction from arscnitcs, 34 
Arsenic acid, alkali arsenates, 37 
commercial As»Oj, analysis of, 53 
Arsenic, detection of, by Gutmt test, by 
hydrogen sulphide, volatility test, 34, 
1740 

estimation, general procedures: 
gravimetric, determination as arsenic 
trisulphide, AsjS>, 41 
determination as magnesium pyro- 
arsenate, 41 

volumetric, oxidation with iodine, 
Mohr’s method, 44 
iodatc method, 44 
silver arsenate method, 45 
special procedures: 
determination in alloys, brass and 
bronze, 1088 
in brimstone, 519 
in copper, 55, 202 
in gases, dct. of, 1505 
in hydrochloric acid, 1502 
in iron, 55 
in metallic lead, 287 
in molybdenite and wulfenite, 565 
in molybdenum ores, dot. of, 325 
in nickel, 336e 

in presence of vanadium, 593 
in steel, 37, 55 
in sulphuric acid, 1526 
in tungsten orra, 565 
impurities in " arsenic acid,” detenm- 
nntion of moisture, antimony, ar¬ 
senic, calcium cobalt, copper, mm, 
lead, nickel and zinc oxides, silica, 
suipnuric acid^ 53-55 
industrial application of methods, 34 
occurrence, minerals, ores, 34 
potassium iodate method, 44 
preparation and solution of the sample, 
alkali arsenates, arsenic acid, ar¬ 
senous oxide, hychochloric and sul¬ 
phuric acids, pyrites ore, 35, 49 
lead arsenate, zinc arsenite insecti¬ 
cides, copper, iron, 36, 37 
properties, 34 

separation from other elements by dis¬ 
tillation, 38, 39b 
from antimony and tin, 40, 
from tin in alloys, 1193 
solubility of oxides, sulphides, salts, 34 
solution standard, 1360 
stains, preservation of, for Gutzeit 
method, 47 


Arsenic traces, determination of, by mod¬ 
ified Gutzeit method, 46, 52 
Marsli test for, 47 

in acids, hydrochloric, nitric, sul¬ 
phuric, 49-50 

in Imking powders, canned gooils, 
meat, organic matter, etc., 51 
in ores, alumina-lwaring, bauxite, 
cinders, pyrites, 50 
in organic matter, 51 
ill refilled cupper, 202 
in salts, sodium chloride, magnesium 
sulphate, etc., 51 
Arsenite reagent 0.1 N, 240 
Arsenous acid, detenmnation of, with io¬ 
dine, 43 

reduction of bromates with, 96 
chloride, volatility of, 34, 38 
oxide in paint pigments, 1185 
in zinc oxide, 1185 

Arsenous method for determining perox¬ 
ides, 1761 

Asliestinc paint pigment, 1187 
Ash soda, cauterized ash, 1555 
Ash, fusibility, 1630 
in black paint pigments, 1197 
in coal, actermmation of, 1630 
in explosives. See Explosives, 
in linseed oil, 1166 

in plants, determining alkalies in, 282 
of niblier, sulphur in, 1591 
Asphalt. See Bituminous Bulwtances, 1'289 
Assaying of gold and ^ver. Sec Eire 
Assay of Gold and Silver. 

Astringency of tannic acid, 1760 
A.S.T.M. analysis of alloys, 1036-1107 
for gypsum analysis, 108b 
A.S.T.M. standards for Chinese wood oil, 
1171 

iron and steel analysis, 1351-1371d 
for linseed oil, Ixiiled and raw, 1172 
turpentine, 1174 
vanadium in steel, 595 
Atomic weights, international, table of. 

See front cover 
Atropine, 1735 

At tack’s method for traces of aluminum, 14 
Available lime, 108 
Avoirdupois weight, table ol^ 702 

Babbit metal, copper in, 211 
Bach’s test for rapeseed oil, 1144b 
for rosin oil, 1144b 
Bacteria, total in water, 1461 
Bacteriological exam, of water, 1454-1468 
Bahr’s app. for solubility determ., 1476- 
1477 

Bailar’s iodide method for CaO, 108a 
zinc chloride method for CaO, 1804 
Baker’s method for tin, 532 
Baking powder, arsenic determination in, 
51 
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Baking powder, lead determination in, 281 
phosphate, determination of phos¬ 
phoric acid in, 365 
Balata, 1371 

Ball mill, 1617 . , . 

Bardy and Riche on det. methyl jilcohol, 
1763 . , , , 

Barium, detection of, with sat. sol. of cal¬ 
cium or strontium sulphates, 
with soluble chromates, fluosilicic 
acid, flame, 56 
spectrum of, 56 
estimation, ^jcneral procures; 
gravimetric, determination ns car¬ 
bonate, BaCOi, 63b 
as chromate, BaCr 04 , 63a 
as sulphate, BaSOj, 64 
volumetric, acid titration of carlion- 
atc, 66 

dichromato method, 65 
ixnmanganate method, 65 
potassium iodide methisl, 65 
estimation, special procedures: 
determination in insoluble rtaiduc, 62 
in ores, 63 
in silicates, 63 

ore, valuation of. See Barytes, 
industrial application, 56 
occurrence, ores, commercial products, 
56 

preliminary tests, 59 
preparation and solution of the sample, 
carbonates, insoluble residue, sul¬ 
phates, sulphides, soluble salts, or¬ 
ganic matter, 67 

proiierties, barium sulphate, 56, 64 
barium chromate, 64 
separations, ^neral considerations, 58 
from alkalies and magnesium by the 
oxalate and sulphate methods, 
59,60 

from calcium and strontium, 60, 61 
from molybdenum and from PjOs, 
62 

solubilities, barium compounds, 56, 64 
traces, detection of, by flame and spec- 
tram, 66 

Barium acetate or chloride test for chro¬ 
mate, 156 

carbonate in rablier, 1595 
chloride in hydrochloric acid, 1502 
-potassium chromate method for sul¬ 
phur determination, 505 
test for bromate^ 92 
chromate, determination of chromium 
as, 160 

proixirty of, 64 
solubility of, 64 

-thiosulphate method for sulphur, 506 
hydroxide reagent for C in steel, 1356, 
1367 

sulphate in rubber, 1591 


Barium hydroxide method for separating 
magnesium from alkalies, 407 
Bidphatc, apjwatus for filtering of, 500 
decomposition for sulphur det., 496 
in blanc fixe, 1188 
in lithopone, 1186 
properties and solubility of, 64 
Barium ores, analysis of, 66 
Barker’s hydrometer for CX3j dot. in car¬ 
bonates, 125 

U. coli, examination of, 1462 
Barnitt, formula) for solutions, 1533 
chapter on sampling, 1003 
Barton, methods (or titanium in steel, 547 
Barton and Scott, chapter on titanium, 
538 

method for nitrogen in steel, 301a 
Barytes, analysis of, determining barium 
carbonate, barium sulphate, iron and 
aluminum oxides, lime, magnesia, 
silica, soluble SOs, etc., 66-68 
water test fur magnesium, 291 
Base l)ox, definition (note), 524 
Bases, reaetions, tables of, 632-645 
Basic acetate method for precipitating 
aluminum and iron, 298 ‘ 

Basic alumina in aluminum salts, determi¬ 
nation of, 13 

“ Basic hydrochloric acid ” in bichloride 
of tin, 530 

Basic carbonate of lead det., 278b 
Basic nitrate, precip. of bismuth as, 74 
Basicity of aluminum sulphate, 13 
Baubi^y’s method, modified, for deter¬ 
mining halogens, 154 

Baudisch’s cupferron method for iron, 2.50 
Baudouin’s or Camoinc’s test for sesame 
oil, 1139, 1144b 
Baughmann, W. F., 97 
and Skinner on iodine in water, 245 
Bauxite, analysis of, determining soluble 
and total alumina, soluble and total 
iron, insoluble residue, silica, titanium 
oxide, 17f-17g 
arsenic determination in, 50 
Bead test for titanium, 538 
Beam test for matter susp. in gas, 1763 
Bearing metal, determining bismuth in, 71 
Beeswax, constants, 1150 
Bechi’s test lor cottonseed oil, 1136, 1142 
Beckstrom, on oil, 1158 
Bekk’s method for determination of the 
halogens, 155 
Belasio on aluminum, 17 
Bellier’s test for oil, 1144a 
Belt dressings, 1145 

Beneker’s method for carbon in steel, 130 
Bennett’s method for determining arsenic, 
45 

Bensidine acetate test for rold, 229 
hydrochloric acid method for deter¬ 
mining sulphates, 507,1427 
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Benzoic acid aUndard for acidimctry, 1490 
Berg, P. von, iodine titration of uadmiiiiii 
Bulphide, 103 

Berkeley’s app. solubility dd., 147‘2, 1473 
Berthelot’s tet lor alcohol, 1743 

HervI 00 

toyliium,61^69b 
detection of, G8 
estimation, 68, 60a, 69b 
separations, 69 

Betts, nitrometer method, 355 
Hicarlmnate, determination of, 1549 
Bichloride of tin. Acker mcthwl for 
analysis, 530 

Biclilorioe of tin—hot water precipitation 
of tin in, 530 

sulphide method for tin in, 532 
Bichromate method for det. glyra-rol, 17.58 
Bidtel’s method for valuation of fluor¬ 
spar, 225 

Bishop, fuming sulphuric acid table, 673 
Bishop and Allen, method for deteriuining 
sulphur in ores, 498 

Bismuth, detection of, general procedure, 
reducing agents, blowpira; Uisl, 70 
estimation, ^icral procedures: 
gravimetric, detenninatioii as basic 
chloride, 73 

as metal by cyanide reduction, 76 
as metal bjr clcctnilysis, 76 
as oxide, Bi,0,, 74 
as sulphide, Bis.Sj, 75 
volumetric, bismuth iodide eolori- 
mctric method, 78 
cinchonine [lotassium iodide colori¬ 
metric method, 77 
permanganate titration of oxalate, 
76 

estimation, special procedures: 
in alloys and metals, 1047 
in metallic copper, ^ 
in metallic lead, 79, ‘286 
in ores, mattes, 80 
in pig lead, 286 

industnai application of methods, 70 
occurrence, 70 

preparation and solution of the sample, 
alloys, lead bullion, refined lead, 
ores, 70, 71 

properties, bismuth, basic nitrate, 74 
oxy-chloridc, 73 
sulphide, 75 

separations, aluminum, chromium, iron, 
cobalt, manganese, nickel, zinc, 
magnesium, alkaline earths, alka¬ 
lies, 72 

from arsenic, antimony, tin, molybde¬ 
num, selenium, teilurium, 72 
from cadmium and copper, 72 
from lead and mercury, 72 
solubility, metal and salts, 70, 73, 74,75 
traces, determination of, 77, 78 


Bismuthate method for determining man¬ 
ganese, 267, 303 
in bronze, 1097 
in steel, 267, 1360 
in water, 1426 

Bisulplmte fusion. See chapter “ Decom- 
ixisition of Sample,” Vol. ‘2. 

Bisulphite. See Metabisulphite. 

Bitumen and pitch in rubber, 1570 

Bituminous substances, asphalts, tars, 
pitches, 1289-1350 
Abraham B ductility test, 1304 
antlmupiinone reaction, 1325 
bit. solvent examin., cements, paints, 
varnishes, 1346-1349 
carlxines, 1318 

characteristics of table, 1326-1327 
chem. trats. carlxm free in tars, 1322 
oxygen in non-mineral matter, 
1321 

solid paraflinra, 13*23 • 
sulphonation residue, 1323 
water, high and low distl., 1320 
connrosition of, 1289-1293 
crude, refined, blended, exam, of, 
1294 

diazo reaction, 1324 
distillation tcstrflask and retort 
method, 131.5-1316 
d\ictility, Dow test of, 1302 
ciimlsions, 1349 
examination of, 1289-1.350 
fabrics, examination of, 1330 
physical teats of, 1.337 
resist, dampness, elect, cur., 
heat, weather, 1338 
weight, pliability and strength, 
1339 

fabrics separated, examin. of, 1344 
flash-iroint, Penski-Martins closed 
tester, 1314 

filler and pigment in, 1347 
fracture of, 1296 

hardness or consistency test by needle 
penetrometer, 12^ 
heat tests, 1306-1309 
cube method, 1309 
ball and ring method, 1308 
Kramer-Sarnow nwthod, 1305 
mineral aggregates, physical tests, 
compression and impact distor¬ 
tion under heat, 132^1329 
mineral matter, examination of, 1333- 
1335 

physical characteristics, 1295 
saponifiable and unsaponifiable mat¬ 
ter, 1.3’23 

separation bitum. from mineral ag- 
grente, 1330 
centrifugal method, 1332 
Forest's hot extraction, 1330 
sep. bitum. min. and fib. m., 1339 
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Bituminous substances— 

fabrics—single layer, saturated or 
coated roofings, laimnntetl 
fabrics, etc., 13:19-1343 
Smith’s ductility machine, 1303 
solubility tests by CSj, 1317 
test by petroleum naphtha, 1317 
specific gravity by hydrometer, 1295 
pycnometer, 1296 
Wcstphivl balance, 1203 
streak on porcelain, 1295 
susceptibiUtv factor, 1302 
table of, 1290-1292, 1294 
viscosity, Eugler and float tests, 1297 
volatile matter, 1312 
Black pigments, analysis of, 1177, 1199 
Black imwder, analysis of, 1372 
Black oils, 1145 

Blai#, analysis of steel, 128, 301 
Blanc fixe and barvtes, analysis of, 67, 
1188 , 

Blangey’s method for chloric acid, 152 
Blast-furnace gas, analysis of, 12.55 
slag analysis of, 1610 
Blasting caps, analysis of, 1396 
Blattner and Brassuer, chlorine in chlo¬ 
rates and )xirchlorutC8, 153 
method for reduction of chlorates, 
152 

Blny and Burkhard, graduated weighing 
burette (Fig. 8:$), 1,5(X) 

Bleaching powder, evaluation of, 155 
analysis of, in paiier-making materials, 
1779 

Blister copjicr, electrolytic determination 
of cop^r, 189 

Blood, carlien monoxide determination by 
moans of, 1273 
in carbon monoxide, 83 
“ Bloom " in oils, 1135 
Blow|>ipe test for bismuth, 70 
test for cadmium, 100 
Blowpipe and flame tests, tidilc of, 625 
Blue lead, sublimed, analysis of. 1197 
Blue pigments, analysis of, 1177, 1196 
Blue vitriol, copiier determination in, 
206 

Boiling, prolonged, effect on aluminum 
hydipxide precipitate, 8 
effect on glucinum separation from 
aluminum, 227 

imint chart, sulphuric acid of varying 
concentration, 1524 
Bond, F. C., on silver, 458 
Borax bead, lioron test, 81 
evaluation of, 86 
table of tests, 627 

Boric acid, Chapin’s determination of, 
87 

evaluation of, 87 
in foods, 83 
in soap, 1604 


Boron, detection of, borax bead test, prop¬ 
erties, flame test, turmeric test, 81 
Chapin’s method, 87 
estimation, general procedures: 
gravimetric, lime fixation method, 84 
methoil of Gooch and Jones (note), 
85 


volumetric determination, 86 
estimation, sjiccial procedure: 
determination as boric acid in butter, 
. ** 

in canned goods, 84 
Boron, distillation app. for, 88 
estimation, determination, in meat, 83 
in milk, 83 

in silicates, enamels, etc., 82 
in mineral water, 82 
industrial application of methods, 81 
occurrence, oris, alloys, sundry prod¬ 
ucts, 81 

preiiaration and solution of tlie sample, 
boric acid, Ixiric oxide, bonicite, 
Imrocalcite, boronatrocalcitc, cal¬ 
cium Imrate, enamels, siheates, 
etc., 82 

carbonates, butter, meat* and canned 
goods, 83 
mineral water, 82 

solubility of Ixiron, Imric acid, Ixirax, 82 
traces, detection of, by Robin’s test, 87 
Bosworth and Gooch, method for silver 
determination, 463 

Bowman and Scott, ferrous sulphate 
method for nitric acid, 1512 
Bradbury and Owen, alkali carbonates 
and hydrates present together, 1066 
Brass and bronze, 

determination of antimony in, 28b 
detennination of copper in, 211 
determination of vanadium in, 598 
method of National Brass and Coji- 
per 'fubo Co., lead and copper, 
207 


Breycr, on analysis of zinc, .597 
manganese determination in spicgel 
iron, 306 

separation of zinc as sulphide, 605 
Briggs and Scott, modified Orsat ainia- 
ratus (Fig. 131), 1267 
Brimstone, analysis of, determining mois¬ 
ture, ash, arsenic, chlorine and avail¬ 
able sulphur in, 519 

Brines, preparation of, for alkali determi¬ 
nation, 405 

Brinton, H. M. P., chapter on Thorium, 
.522 


zirconium, 618 

Brinton and James det. of cerium, 135 
British thermal unit (B.t.u.), calculation 
of, 1627, 1639, 1659 
determination of heat value of coal, 
1622, 1634-1640 
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Brom-thymol blue, titrations with, 1457 
limmino, determination of, in illuminntinK 
gas, 1257 

Bromate method for determining anti¬ 
mony, 26 

Bromates, detection of, 92 
determination of, by arsenous reduction, 
96 

Bromine, detection of, tests with eurlwn 
disulphide, carlxrn tetrachloride, ba¬ 
rium chloride, magenta test, silver 
nitrate, 92 

estimation, ^neral procedures: 
gravimetric, determination as silver 
bromide, 94 

volumetric, free bromine by jKitas- 
siutn iodide method, 95 
chlorine method for soluble bni- 
mines, 95 

silver thiocyanate method of Vol- 
hard, 95 

estimation, special procedures: 
crude iiotassium bromiih^ analvsis of, 
96 

impurities in commercial bromine, chlo¬ 
rine in, 97 

in mineral waters, 97 
industrial application, 92 , 

occurrence, 9:5 

preparation and solution of the sample, 
organic matter, salts, etc., 92 
propertiiai, 92 

separations from chlorine and iodine, 
94 

heavy metals, cyanides, anil silver, 91! 
solubilitv of the element and its salts, 9:i 
traces, determination of, 95 
Bromine-ammonia method for si^parating 
manganese from zinc, WK) 
precipitating manganese dio.\ide with, 
261 

Bromine nuinlKW in oil analysis, IbiO 
Bronze, analysis of, by A. S. T. M., 1017 
aluminum m, 16 

Brown pigments, analysis of, 1176, 1190 
Browne’s heating tests for Chimajc woo<l 
oil, 1170 

Browning-Drushel, separation of mag¬ 
nesium from the alkalies, 407 
Browning’s test for fluorine, 2l2 
test for silica, 431 
Brucine, 1734 

Buckwheat coal, determination of B.t.u. 

in, example data, 1628 
Budde's method for rublwr amdysis, 1568 
Bulb, weighing acids, 1.500 
Bullion, assay of, 482, 484 , 

Buovold’s gmvimetric method for nitrites, 
358 

Bunsen pump (Fig. Ill), 1232 
Bureau of Standards method for carlxm 
in steel, 263 

58 


Bureau of Standards on manganese in 
steel, 266 

phosphorus in steel, 268 
silicon in sUh;!, 270 
sulphur in steel, 269 
titanox pigment analysis, 1192 
Burettes, standard, fur acidimetry and 
alkalimetry, 1497 

Burges’ nitroso-bcta-naphthol method for 
cobalt, 169 

Burkhard and Blav, weighing burette, 
1.500 

Burning oils. Scui Oils, 1109 
Burrell, ft. A., analvsis industrial gas, 
12,88j 

B. typhi, examination of, 1467 
Butitw, Istrie attid determination in, 82 
met hod of analysis. Sts: Oils, 1148 

Cadmium, detection of, general pntccdure, 
99 • 

s|)cetrum of cadmium, bluwpi|X!teBt,09 
('stimation, general procedure: 

gravimetric, determination ns cad¬ 
mium sulphate, 102 
as cadmium sulphide, 101, 612 
ns metallic cadmium by electroly¬ 
sis, 102, Oil, 1102 

volumetric, iodine titration of end- 
mium sulphide, 102 
estimation, siieeial procedures: 
determination in alloys and metals: 
in metallic lead, 290 
in ores, (let. of, 101 
in spelter, 612 
indiLstriid application, 99 
occurrence, 99 

preparation and solution of the sample, 
(dloys, carbonates, ores, sulphides, 
in presence of lead, 100 
separation from memlxtrs of the am¬ 
monium sulphide ^oup, alkaline 
earths and the alkalies, 100 
from arsenic, antimony, and tin in 
ppseiKS! and in almcnce of coj)- 
[ler, 100 

from copiier in alloys, 1089 
from bismuth and lead, 101 
from mercury, 101 • 

from silica, 100 

Cadmium chloride and sulphate reagents 
for sulphur determination, .501 
sulphate, determination of, 102 
sulphide, gravimetric determination of 
cadmium os, 612 

volumetric determination of cad¬ 
mium os, 102 
Ca«ium, detection of, 403 
separation from lithium and sodium, 408 
Cahcn-Little-Morgan, arsenic determina¬ 
tion in organic matter, .26 
Caillct, claidin test for oils, 1126 
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Cain, J. R., and Cleaves, H. E., on carbon 
m steel, 118 

Cain and Witmer, method for vanadium 
in steel, 591 

Calcined ore, analysis of, 17j 
Calcium, available, 108 
Calcium, detection of, general procedure, 
104 

flame test, spectrum, 104 
Mtimation, ^neral procedures; 
gravimetnc, oxalate method, 107 
other methods, 108d 
volumetric, permanganate titration 
of the oxalate, I7d, 108 
iodide method for, 108n 
estimation, special pmccdurcs: 
determination of. in composite white 
paints, 1190 

in green paint pigments, 1196 
in oran^ and yellow paint pig- 
inents, 1195 

in Portland cements as CaO (lime), 
1216 

in sand, 448 
in water, 1424 

in water as calcium sulphate, 1125 
industrial application of methods, 104 
occurrenwi, ores, minerals, etc., UH 
precipitation from acetic acid solution, 
108 

prepiiration and solution of the sample, 
cements, dolomites, limestone, mag¬ 
nesite, gypsum, plaster of Pans, 
silicates, sidphates, sulphides, i)y- 
rites, salts, decomposition of re¬ 
fractory or«», 105, 100 
rapid iodide method, 108a 
separation from aluminum, iron, copper, 
cobalt, nickel, manganese;, sine and 
members of the hydrogen sulphide 
group, 105 

from alkalies, Imrium, strontium, 
magnesium, PjO>, 100 
from sihea, 105 
solubilities, 104 
traces, detection of, 104 
Calcium acetate mcthexl for fluorine, 223 
Calcium carbonate, rapid methejd for 
deteerdiining. in cement, 1220 
fluoride, dccompewitiem of, 215 
method for fluorine, 210 
Calcium oxide dot. in presence of CeiCOj, 
108a, 1804 

Calcium phosphate, decomposition, 107 
Calorie, defiiution of, 708 
Calorific power of illuminating gas, 12.57 
of fuel, 1622 

value of mdiuitrinl gases, 1227 
Caleirimeter, Emerson liomb (Fig. 10.5), 
for cool, B.t.u. dot., 1025 
Junker’s for gas (Figs. 124, 12.5, 126), 
1257, 1258 


Calorimeter, Parr’s for fuels, 1634-1640 
standardization, 1629 
Camoin’s test for sesame oil, 1139 
Campbell, A., chapter on fwap Analysis, 
1.598 

Candle-power, def. and method of det., 
708 

of illuminating gas, 1250 
Canned goods, arsenic determination in, 
51 

tin determination in, .536 
Caoutchouc in lubricating oil, 1121 
Capometer, 1235 
Capacity, unit table of, 702 
Carbenes, 1318 

Carbide of silicon, decomposition of, 435 
Carlmnic acid, free, det. of, 1549 
indicators, 12.52 

Carbonic acid, det. of, 1.549, 1730 
Carbon, detection of carbon dioxide in 
gas, 109 
carlxmatcs, 109 
cnrlronic acid in water, 109 
carimn monoxide in blood, 109 
estimation, general procedures; 
gravimetric, d^ combustion method, 
weighing C50j, 111, 118 
wet oxidation process, weighing 
CO,, lllj 120 

volumetric, barium hydroxide meth¬ 
od, titration of carbonate formed, 
127 

measurement of volume of CO, 
formed (ref.), 127 
estimation, special procedures; 
in alloy steels, 13.59 
in black pigments, 1196 
in coal as ‘‘fixed carlion,” 1622, 1040 
in coal tar pitch, 13.58 
in iron and steel, 115-117, 128, 130, 
263, 265, 13.52. 1354, 1356 
colorimetric metnod, 1‘28 
graphitic carlxm, 115 
organic sulistances, 119, 120 
in rublxir giHids, 1580, 1592 
occurrence, 109 

preparation of sample, alloys, iron and 
steel, 110 

sciioration from iron and steel, cupric 
potassium chloride method, 110 
residue test of lubricating oils, Gray’s 
method, 1122 

Carbonate method for Imrium, 63b 
Carbonate method for calcium, 108d 
Carbonate, titration of, 1.549 
Carbonates in ores, 57, 101, 109,110, 121, 
223, 247, 3.50 

determination of, in presence of other 
combined acids, 514 
determination in soap, 1005 
Carbon bisulphide. ^ Carbon Disul¬ 
phide. 
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CarboD dioxide combined as carbonate: 
estimation, general procedures for 
determination, 121 
gravimetric determination in csir- 
bonates, 121 

loss of weight mctliod, 124 
hydrometnc method, 125 
volumetric, measuring tlic gas 
evolved, 123 

estimation, special procedures: 
in alloys, 1102, 1106g, IlOOi 
in ammoniacal gas liquors, 344 
in baking powder 
available COj, 124 
residual COt, 123 
in barium ores, 67 
in blanc fixe, 1189 
in cement, 84 

in composite white paint, 1190 
in corroded white lead, 1181 
in gypsum, IISS 
in soap, 1(105 
in sine, 1183 

free in gaseous mixtures, 338, 1242, 
1244, 1248, 1262 
proixirtics of, 12271) 

Carlion disulphide, bromine »leteetion 
with, 92 

iodine determination with, 242 
purificivtion of (sti) Kig. 7), 75 
monoxide in air, 1740 
in blood, detection of, 109, 1741 
in gaseous mixtures, determination 
of, 1085 

in illuminating gas, determination of, 
1248 

properties of, 1227d 
tetrachloride, bromine test with, 92 
tubes, for colorimetric determination of 
carlxHi in steel (Fig. 25), 129 
Carl)Onatc in bicarlmnate, 1553 
('arl)on steel, metallography of, 1713 
Carborundum, silicon carbide, decompo¬ 
sition of, for silica det., 445 
Carina method for halogens in organic 
matter, 145 

Carney and Campliell on thorium, 423 
Carnot’s method, modified, for determin¬ 
ing (mid, 233 
method for nickel, 336b 
Camotite, uranium in, 582 
Case hardening, steel metallography, 1720 
Castor oil, constants, 1147, 1148 
Caustic, free in soap, 1601 
standard solution, 1496 
Caustic soda, sodium tartrate m. for dis¬ 
tinguishing copper conjpda., 210 
Causticizcd asn, analysis of, 1555, 1783 
Cellulose in rubber, 1695 
Cement, analysis and testing of, 1202 
apparatus for testing, Fairbank’s testing 
machine (Fig. 106), 1214 


Cement, gang mold (Fig. 105), 1212 
Gilmore needles (Fig. 103), 1211 
Ije Chatelier’s siiecifip gravify appa¬ 
ratus (Fig. &1), 1205 
Uiehid automatic cement testing ma¬ 
chine (Fig. 107), 1215 
Vicat needle (Fig. 94), 1207 
calcium in, 105 
carlion dioxide in, 110 
fineness, 1205 
mixing, 1206 

normm consistenev, determination of, 
1206 

pliysical testing, 1202 
Portland cement, anidysis of, 1216 
determination of alkalies, alumina, 
iron, insoluble nsidue, lime, kiss 
on ignition, magnesia, silica, 
sulphur, 1216-1219 
rapid met hod of analysis, 12^ 
sampling, 1204 
setting tune, 1210 
sjiecificjitiona, 1202-1214 
siKicific gravity, 1204 
tension test, 1212 
Cements in bituminous sub., 1346 
Cement, rock, analysis of (limestone, lime, 
Kusendalc cement, etc.), 1223 
table of composition, 1225 
Cerium, detection of, spectroscopic lest, 
i;i3, 133b 

estimation, gravimetric methods, 134, 
136 

volumetric method, 136 
estimation of cerium, 136 
in presence of rare earths, 136, 137 
in thoria, thorium nitrate, etc., 138 
industrial application, 133 
occurrence and properties, 133 
preparation of the sample, 133 
fusion method, 136 

separation of the rare earths from other 
elements, 134, 135 
from rare earth metals, 135 
from thoria, 134 
table of compositions, 1215 
technical methods of analysis, 138 
Cluunlxir burette (Fig, 79) ,,1497 
Chancel’s method for determining alu¬ 
minium, 9 

Chancel degree for specific volume of S, 
.519a 

Chapin’s method for Ixiric acid dot., 87 
Chapman and Thornton on iron det., 2.58 
Character of copper deposits by eicctrol- 
ysb, 191 

Characteristics of some animal and veg¬ 
etable oils, 1148, 1149 . 

of some fatty acids from oils, 1147 * 
of waxes, 1150 

Charcoal in explosives, 1373, 1.390, 1391 
Chemical laws, 723 
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Chemical test* of water, 1412 
Chiddey on cyanide solution assay, 480 
Chili saltpeter. Sec Nitrate of Soda 
under Nitrogen, 349 
Chimnev flue ^ases^ 12.52 
China clav paint pij^ent, 1187 
Chinese blue, analysis of, 1197 
Chinese wood oil, analysis of, determin¬ 
ing acid number, iodine number, 
saponiflcation numlier, specific grav¬ 
ity, unsaponifiable matter, refrac¬ 
tive index, heating and Jelly tests, 
116ft-ll70 

Chlorate, test for, 143 
determination of, 152 
in presence of perchlorates, 1.53 
method for chromium in steel, 105 
removal of, in sulphur dot., 497 
Chlorates in explosives, 1387 
Chloric aci^ Sec Chlorate. 

Chloride and cyanide, dct. of, 1.54 
chlonite, perchlorate exam, of, 1385 
1397 

cyanide, thiocyanate dot. of, 1.55 
detection of, 142 
in gases, 1505 
in soap, 1002 

mcthcm, for determining silver, 4.53 
Chlorine, detection of free, 142 

combined chlorine, chloride by silver 
nitrate test, 142 

test in presence of bromide and io¬ 
dide, 142 

test in presence of cyanate and cya¬ 
nide, thiocyanate, 142 
test for free hydrochloric acid, 142 
test for chlorate, chlorite, hypochlo¬ 
rite, perchlorate, 143 
estimation of combined chlorine as 
chloride, general methods: 
gravimetric method as silver cliloridc, 
148a 

volumetric methods, silver chromate 
method, in neutral solution, 1.50 
silver thiocyanate method in acid 
solution, 149 

Chlorine, estimation of combined and 
free chl^ne, special cases: 
determination combined chlorine in 
presence of bromine and iodine 
(combined), 154 
in presence of other acids, 154 
in bleaching powder, 155 
in brimstone, 519 
in bromine, 97 

in cement copper and copper ores, 
200 

in gu, 147 
in nitric acid, 1511 
in organic compounds, 145-140 
in water, 1417, 1433 
in sine oxide, 1183 


Chlorine, determination of free chlorine, 
151 

in hj'drochloric acid, 1.501 
in nitric acid, 1512 

industrial application of methods, 143 
occurrence, 143 

preparation and solution of the sample, 
ores, cinders, rocks, water soluble, 
and insoluble chlorides, silver chlo¬ 
ride, 144 

organic matter, decomposition by 
Carius method, 145 
decomposition by lime method, 

m 

decomposition by sodium perox .1 
ide method, 140 
separation from iodine, 148 
from cyanides, thiocyanates, 130 
together with bromine from iodine, 
148 

halides from the heavy metals, 148 
halides from one another, 148 
halides from silver and from silver 
cyanide, 148, 155 

solubility of chlorine and its salts, 143 
traces, detection of, 142 
Chlorine, free, liberation of bromine with, 
95 

determination of, 151 
water, decomposition of hydrobromie 
acid, 342 

Chloroform, det., 1728 
Chloroplatinate method for determining 
potassium, 410 
Hicks’ modification, 411 
Chlorosulphonic acid, analysis of, 1540 
Chromate, detection of barium with, 50 
method for determining barium os 
BaCr 04 , 63a 

volumetric method for determining 
Imrium, 65 

method for determining chlorine, 1.50 
method for detennining lead, 275, 278 
Chromate-ferrous-diphenylamine method 
for lead, 278b 
Chrome green, 1198 

Chromic acid, determination of, in pres¬ 
ence of vanadic acid, 592 
removal of, from nitric acid, 342 
hydroxide, precipitation of, 159 
Chromite, chromium in, 164 
Chromium, detection of, tests with barium 
acetate, ether, lead acetate, mercurous 
nitrate, hydrogen peroxide, reducing 
a^nts, diphenyl carbazide, 1.56 
distinction between chromic and chro- 
mous salts, 156 

estimaUon, |eneral procedures: 
gravimetric, determination as barium 
chromate, 160 
as the oxide, CriOi, 159 
det. by mercurous nitrate, 160 
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Chromium—volumetric, ferrous sulphate 
and permanganate method, 

161, ifc 

chlorate method, 165 
dichromatc diphenylaminc meth¬ 
od, 164a 

iodine method, 161 
estimation, special procedures: 
determination in chromate, 164 
in green paint pigments, 1106 
in nickel, 336e 

in orange and yellow paint pig¬ 
ments, 1195 

in presence of vanadium, 593 
in steel, elect, method, 1677, 1678 
in steel, rapid method, 164, 1368f 
traces by aiphenylcarbazide, 163 
industrial application of methodsfor, 156 
occurrence, 1.56 

preparation and solution of the sample, 
refractory materials, materials 
high in silica, chrome iron ores, 1.57 
iron and steel, 158 

separations from alumina and iron, 158, 
159 

solubility of the metal, 157 
traces, detection, 156 
estimation, 162-163 

Chromium salts, comparison with vana¬ 
dium salts, .583 

Cinchonine method for dot. tungsten, 560 
Cinchonine potassium iodide method for 
determining bismuth, 77 
reagent for tungsten det., 560 
Cinders, chlorine m, 144 
Citric acid, analysis of, 1.549 

reagent for calcium determination, 
106 

Clark on tin, .525-.536 
Clark’s modiheation of Mohr’s method 
for antimony, 27 

method for separation of antimony 
from tin, 22 

Classen, deposition of gold, 231 
and Hens method for determining tin, 
536 

and Reiss method for determining anti¬ 
mony, 24 

Clay analysis, 1785-1788 
alkalies, 1787 
silica, state of, 1788 
titanium, 1787 

Cleveland cup for 6re test of lubricating 
oils, 1120 

open cup app., lllSd 
Cloud and pour points, oil tests, 1118 
Coal and fuel, methods of analysis, 1616- 
1660 _ 

ash, determination of, 1618 
anthracite, 1641 

buckwheat coal, analysis of, 1628 
calculation of B.t.u., 1627, 1630, 1659 


Coal, calorihc value,;determinstion of, 1622 
calorimeter, standardisation of, 1629 
carbon total in, 1646 
coke, 1041 

composition of. See chapters on Fuel 
and Coal. 

conversion calculations, moisture, 1632 
correction factors, 1639 
deHnitions, 1651 

Emerson liomb calorimeter, 1625 
fixed carbon, determination of, 1622 
fusibility of coal ash, 1630 
gasoline, 1642, 1658 
Hoskins’ electric furnace (Fig. 210), 
1630 

moisture determination in coal, 1618 
Parr calorimeter, 1634 
petroleum oils, 1641, 1660 
preparation of the sample, 1618 
pyrophosphate method, 174 
quartering (Fig. 204), 1617* 
radiation corrections, 1652 
references, 1632 
sampling coal, 1616 
thermometer Hythread, 1645 
turbidimctric sulphur table, 10'20 
volatile combustible matter, dcterminn< 
tion of, 1618 

volatile sulphur, determination of, 1619 
16‘23 

oxygen Immb method, 1651 
Cobalt, deteetion of, general prucoduro, 
166 

ammonium sulphocyanate test for, 
166 

dicyandiamidine sulphate test for, 166 
iwtassium nitrite, ^tassium sulpho¬ 
cyanate tests, 166 
estimation, general procedures: 
gravimetnc, deposition of the metal 
by electrolysis, 170 
nitro-beta-naphthol method, 169 
IKitussium nitrite method, 169 
pyrophosphate method, 174 
volumetric method for, 175 
estimation, speeial procedures: 
determination in cobalt oxide, 171 
in copper (metallic), 172 
in enamels, 173 * 

in fcrro-cobalt, 172 
in lead (metallic), 172 
in metallic cobalt, 172 
in metallic nickel, 172 
in ores, 173 
in steel, 174 

Iierborate method for, 175 
preparation and solution of the sample, 
metallic cobalt, nickel, and cobalt 
alloys, cobalt oxides, ores oon- 
toinitw cobalt, 167 

separation of ammonium sulphide from 
the hydrogen sulphide group, 168 
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Cobalt, sop, ammonium Hulphidc group 
from alkaline earths and alkalies, 
168 

eobalt and nickel from manganese, 
168 

cobalt from nickel and from zinc, 
168 

Cocain, 173,5 
Cochineal indicator, 744 
Codcin, 1736 

Cohen and Inouyo app. for sohdality dot., 
1476 

Cold test for lubricating oils, Hill 
Color in butter, detection of, 1144 
Color cornparitor or camera for dot. ear- 
lam in stu«‘l (Fig. 26), 121) 

Color, organic, in red and brown pig¬ 
ments, 1101 

Color test in turpentine, 1173 
Color test of water, 1410 
Colorimeter (Figs. 26a, 43, 66, 70), 16.5, 
283, .546, .548 

Colorimetric determination of uluiuinum, 
14 

of ammonia, 345 
of bismuth, 78 
of carbon, 128 
of chromium, 162, 1368f 
of copptir, 197, 198, 199 
of fluorine, 220 
of gold, 233 
of iron, 258, 259, 611 
of lead, 282 
of manganese, 305 
of titanium, .54.5, .547, .5.50 
Columbium, detection of, 575 
estimation, proecdiirc, .577 
occurrence, 47.5 

separation from antiinony, silica, tin, 
tungsten, 577 

isolation of eoliimbium and tantalum 
oxides, .576 

Coltman and Cunniiigliani on manganese 
dct., 303 

Combination niothoils, silver determina¬ 
tion, 447 

Combinations of copper, det. of, 208 
hypothetipl in water, 1441c 
Combined sulphuric acid in aliiiiiiiium 
salts, 12 

in soluble sulphates, 505 
Combustion furnace for carbon dctcrmi- 
tion. 112, 1352, 1356 
hinged type (Fig. 32a), 206 
for assaying, 460 
heat of, 719 

method for carbon determination, 112, 
261, 13.52, 1356 
train, C dct. in steel. 

Commercial aluminum ores, valuation of, 
14 

Commercial selenium, analysis of, 439 


Conradson’s method for carbon in oils, 
1122 

Constant temperature bath, 190 
Constants of various oils, 1147-1149,1172 
of waxes, 1150 

Container for gas sample (Fig. 112), 1233 
Conversion factors, Baumd to specific 
gravity, 701 

of compounds, alphabetical arrange¬ 
ment, 679 

Engler, Redwood, and Saybolt times 
—comparison, 1151 
temperature. Centigrade to Fahren¬ 
heit, 700 

volume, weight and energy, 712-713 
weights and measures customary and 
metric systems, 702 
Converter efficiency NHj-NOj, 361c 
Cooiier-IIcwitt mercury light (Fig. 44), 
285 

Copiier anode slimes, platinum and pal¬ 
ladium in, 386 
antimony tract* in, 32 
Copper comb., distinction of, 208-210 
Copper, detection of, general jyroeedure, 
hydrogen sulphide test, name test, 
reduction tests, 177 
estimation, general procedures: 
gravimetric, copper oxide method, 183 
cuprous thiocyanate method, 181, 
183 

electrolytic methods, preliminary 
remarks, 185 
rapid methods, 187 
slow methods, 189 
electrolysis, effect of impurities 
on, 191 

precautions and notes on pro¬ 
cedure, 191 

removal of deposit, 191 
hydrogen reduction method, 205 
volumetric methods, potassium cya¬ 
nide procedure, 194 
colorimetric method Cu in steel, 
1308d 

potassium iodide method, 17b, 
193-195 

permanganate method, 195 
Demorest’s method for, 196 
Gerigue’s method for, 196 
Volhard’s method for, 196 
estimation, special procedures; 
determination of copper in alloys and 
metals, brass and bronze, 1040, 
1053, 10.58, 1067, 1071, 1076, 
1098, 1099, 1106, 1106j 
in aHoys, 1049, 1033, 1058, 1067, 
1071, 1076, 1098, 1099, 1106, 
1106j 

in babbit metal, 211 
in blister coppr, 189 
in blue vitriol, 207 
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Copper, in braaa, 211 

m gun metal, A. S. T. M., 1058 
in 1^, metallic, 290 
in manraneae bronze, 1047 
in molyWenite, 326 
in ores, 193a 
in refined copper, 205 
in selenium, commercial, 439 
in slag, 1613 
in Bteil, 181, 1368c 
in tungsten ores and concentmtes, 
568 

in water, 1437 
in wulfenite, 327 

impurities in blister and relincd co|i- 
per: 

antimony, arsenic, selenium, and lel- 
lurium, 202, 2'lOc 
arsenic. 37, 202 
bismuth and iron, 200 
chlorine in cement copiKir and c«i)iHir 
ores, 206 

colialt, Iciul, nickel an<l zinc, 201 
oxygen and sulphur, 204 
phosphorus, 205 

• selenium and tellurium, 440c 
industrial application of methods, 177 
occurrence, 177 

preparation and solution of the sample, 
alloys, cast iron, steel, matte, slag, 
iron ores, and iron ore briquettes 
and metals, sulphide ores, eopiicr 
glance, copper pyrites, and iron 
pyrites, 178-181 

separations, deposition by a more posi¬ 
tive metal, 182a, 184 
precipitation os copper thiocyanate, 
181, 183 

removal of memliers of sulisociuent 
grouiis, 182a 

removal of aisenic, antimony, bis¬ 
muth, lead, silver, tin, 182b 
removal of eadmium, 182b 
removal of Se and Te, 182a 
solubility of the metal, 178 
traces, colorimetric methods for deter¬ 
mining, 197-199 
ammonia method, 198 
ferrocyanide method, 198 
hydrogen sulphide method, 199 
potassium ethyl xanthate method, 
197 

Copper bullion, assay of, 482 
Copper pyrites, 179 

sulphate for determining hydrocyanic 
acid, 130 

standard solutions (see . also " rea¬ 
gents ”), 193, 194, 198 
Copper slimes, Au, Ag, Pd, Pt in, 386 
Copper sulphate treatment of water, 1452 
Copper-zinc allo}rs, metallography of, 1710 
Com oil, constants, 1148 


Coming Glass Works method for Se in 
gl^, 440b 

Correction factors in calorimetry, 1640, 
1652 

Corrosion, acid waters, calculation of, 
1441b 

tests of oils. 1126 

Cottonseed oil, test for (sec Oils), 1136 
Coulomb, definition of, 708 
Coyc, J. S., electrometric niethoils, 1667 
Craig’s method, modified, for laisic 
alumina or free acid m ulumimim 
salts, 12 

Oank case oil, constants, 1145 
Crawford-Ieiiher colorimetric method for 
titanium, 550 

CrcMik’s select methods of analysis (ref¬ 
erence), 138 

Crucible, (Imich, preparation of, 590d 
Crushers and grinders, 1011 
Culture media for water bactetia, 14.50 
Cunningham and Coltman on dot. of 
mangiitiese, 303 
Cupel in fire assay, 468 
Ciipferron method tor iron, 250 
reagent. 746 

Cupric-|)otas8iuin-chloride reagent, prcjrn- 
ration of, 111 
Cupro-vanadiiim, 596 
Cuprous chloride, ammoniacal and acid, 
preparation for gas analysis, 1278 
-sulphocyanato method for determining 
copper, 181, 184 
Cyanide mclliod for copper, 194 
Cyanide process for tin ores, 526 
Cyanide, silver detennination as, 455 
separation from chloride and thiocya¬ 
nate, 154 

volumetric determination of silver, 456 
Cyanide, Liebig’s method for dct., 131 
Volhard’s method for det., 132 
Cyanide and thiocyanate, dct. of, 132 
(.'yaiiide solution, assay of, 486 
Cyanogen, detection of, 131 
Cylinder oil, constants, 1145 

Davisson’s scrublier-ammonia distill., 361 
Decomposition of sample, chapter on, 
1032-103.5b • 

. reagents used, 1033 
Definitions of special terms, 708 , 1200 
Dely weighing tube (B'ig. 81), 1498 
Demorest’s method for dct. copper, 196 
Denig5s and Chelle bromine test, 92 
Denig6s’ cyanide method for determining 
silver, 462 
Derby, 

chapter on gold, 228 
chapter on silver, 439 
and Scott, chanter on copper, 177 
Deshey’s methoa for manganese in steel. 
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Detonators, electric, analysis of, 1396 
Devarda airoaratus for determining ni¬ 
trates (Fig. 51), 347 

Dovarda’s method, modified determina¬ 
tion of nitrates by, 346 
Deville on iridium, 3W 
Diaso reaction, 1324 

Dichromate of potassium method for iron, 
253, 255 

titration in determining chromium, 162, 
164a 

Dicyandiamidinc sulphate test for cohalt, 
166 

Diehl’s method for PM)j, 290d 
Didymium in cerium salts, 138 
Dietz and Margoschre method for deter¬ 
mining iodine, 241 

Diluting mixtures, formula! for, 1496, 1533 
Dimethyl glyoximc m(!th(Hl for nickel, 333 
test for^ nickel, 329, 1368c, 1368d 
Dioxide of manganese, separation of, by 
means of bromine, 301 
Diphcnylamine in smokeless powder, 1405 
Diphonylainine indicator in chromium 
act., 164a 

in iron det., 255, 257b 
Diphcnylamine test for nitrates, 338 
Diphenyl carbazide test for chromium 
(clfforaate), 1.56 

detennination of chromium, 163 
preparation of, 163 

Diphenyl-endo-anilo-hydrn-triazole (ni¬ 
tron) method for nitrates. 342, 345 
Distillation of arstinous chloriile, 38-39b 
method for sciiarating selenium and tel¬ 
lurium, 432 

method for dot. ethyl alcohol, 1743 
test for oils, 1111 

Distinction of copper compounds, 208 
Dittrich, small .amounts of chromium, 162 
Dividing pipette (Figs. 30 and 42), 190, 
271 

Dodge on the det. of red lead, 290d 
Dolomites, 105, 110 
Dole, field assay of water, 144Id 
Donnan and W’hite app. for solubility 
dot., 1475 

Dow’s ductility test for bituminous sub., 
1302 

Dowsett’a factory test for gold, ‘234 
Drushd, W. A., Elston, C. M., on sulphur 
det., 5’20 

Drying oils, list of, 1146 
Drying test of oils, 1141 
Duooseq colorimeter, 165 
Dufty’s sulphide pyrophosphate method 
for cobalt, 174 

Du Font’s nitrometer, 3.54, 35.5 
Dupre’s method for iwlinc, modified, 243 
Dust, determination of in gas, 1763 
Dynamite, analysis of, 1374 
Dyne, definition of, 709 


Earl of Berkeley solubility app., 1472 
Ebonite in rubber, 1580 
Edgar’s method of reduction of vanadium 
with sulphur dioxide^ 321 
volumetric determination of vanadium, 
arsenic or antimony, in pres¬ 
ence of one another, 592 
of vanadium and molyMenum, in 
presence of one another, 591 
of vanadium and chromium acids, 
in presence of one another, 593 
Edible fats (see Oils), 1143 
examination of, 1146 

Eggertz’s method for carbon in steel, 130 
Elaidin test for oils, 1126 
Electric Heating App.«irotus Co., furnace, 
hinged design, 206 
Electricity, units of, 708 
Electrolyte, test for copper in, after elec¬ 
trolysis, 191 

Electrolytic detennination of antimony, 24 
bismuth, 76 
cadmium, 102 
cobalt, 170 
copper, 185 
gold, 122 
lead, '27.5b 
mercury, 310 
nickel, 335 
platinum, 381 
silver, 436 
tin, .536 
zinc, .599 

Electro Metallurgical Co. Methods, 280- 
•282, 322 

Electrometric det., 166.3-1682 
description of Kelley app., 1669, 1073- 
1674 

methoiis of analysis, 1677 
method for chromium in steel, 1677 
for manganese in steel, 1680 
for vanadium in steel, 1679 
for vanadium and chromium, 1681 
oxidation potential, 1671 
Electromotive force, definition of, 708 
series of elements, table of, 6.59 
Elliott apparatus for gas analysis (Fig. 
121), 1‘244 

Emerson’s calorimeter, 1625 
Emulsions, bituminous, 1349 
Enamel, colsilt determination in, 173 
Engine oil, constants, 1145 
Engler flask and tests, 1112-1112d 
Engler’s method, dist. test of oil, 1111 
viscosimeter, 1114 

Engler and Haase on flash test of oil, 1109 
Eosin methyicne blue agar, 1459 
Erg, definition of, 708 
Erbium, 133 

Errors, causes of, in silica determin.ition, 
442 

in determining the alkaline earths, 57 
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Eschka’s method for sulphur in coal, 495 
Estere in alcohol, 1746 
Etching test for fluorine (Fig. 33), 212 
Ether-alcohol, 1400, 1405 
Ether, chromium detection by, 156 
Ether method for separating iron from 
sol., 248 

Ethyl acetate test for alcohol, 1743 
alcohol analysis, 1743 
Ethylene, properties of, 1227c 
Evaluation of bauxite, 15 
of fluorspar, 225 

Evaimration test of lubricating oils, 1117 
Evolution apparatus for sulphur deter¬ 
mination 500, 1367 
method for antimony, 28n 
method for sulphur, .500, 1368 
Exit gases, sulphur dioxide in, 1266 
Explosives, analysis of, 1372-1407 
ammonia dynamite, 1379 
ammonia picrate, 1393 
black powder, 1372 
blasting caps and detonators, 1396 
gelatine dynamite, 1380 
low freezing dynamite, 1381 
mercury fulminate, 1395 
nitrocellulosi!, 1399 
nitrochlorhydrin, 1383 
nitroglycerin-<lynamite, 1374 
nitroglycerin smokeless powders, 1407 
nitropolyglycerin, 1383 
nitrostaren, 1389 
nitrosugars, 1383 
nitrotolucncs, 1381 
“ pcnnissible ” explosives, 1384 
picric acid, 1392 , 

primers, 1398 
smokeless powder, 1404 
straight dynamite, 1374 
tetryl, 1394 
trinitrotoluene, 1391 
Explosive ingredients in, 
ash in, 1378, 1389, 1392, 1394, 1395, 
1401 

chlorates in, 1372, 1387 
chlorides in, 1396 
diphcnylainine in, 1405 
gum arabic in, 1385, 1388 
insoluble matter, 1378, 1389, 1390,1393, 
1394 139.5 

nitrates in, 13^, 1377, 1387, 1390 
nitrogen in, 1373, 1377, 1380, 1387, 
1390, 1393, 1402, 1406 
resins in, 1377 
solids in, separation of, 1385 
starch in, 1378 
sugar in, 1388 ' 

sulphur in, 1373, 1377 
Explosives, tests and sundries, 
extraction with acetone, 1395, 1401, 
1405 

extraction with acid, 1378, 1388 


Explosives, extraction with other, 1375, 
1376, 1387, 1389, 1400, 1405 
extraction with water, 1377, 1387, 1390 
melting point det., 1394 
moisture in, 1372, 137,5, 1381, 1386, 
1389, 1392, 1393, 1394, 1396, 1404, 
1405 

pot. iodide-starch test for nitrocellulose, 
1401 

sampling of, 1372, 1374, 1380, 1395, 
1396, 1398, 1399 

solidiflcatioii point det., 1391, 1392 
stability tests, 1401, 1403, 1405 
surveillance test, 1406 
Extraction of aluminum ores—evaluation 
of, 14 

Fabrics, separated, examination of, 1344 
Factors, conversion, 685, 700. See also 
“ Tables ” in index. 

Fairbanks cement testing mactiiiie, 1214 
Fairbanks and (iooch method for molyli- 
demim, 318 

Fats (we under Oils), 1146 
F'atty acids, table of, 11.52 
F’attv oils, test for, in lubricating oils, 1121 
FVliliiig's solution, 1185, 1188 
F'erguson’s colorimetric method for bis¬ 
muth, 77 

electrolytic method for copper, 189, 
205 

tables of projxirties, see Part 11, Vol. 1 
FVrric-alum method for det. phosphorus, 
1105 

Ferric chloride etching reagt., 1705 
Ferric chloride oxidation of organic m., 
341 

for tin, .535 
reagent for tin, .536 
Ferric iron in aluminum salt, 12 
iron, determination with stannous chlo¬ 
ride, 2.57 

oxide, determination of iron ns, 249 
in sand, 448 
in zinc oxide, 1185 

salts, decomposition of iodides with, 241 
salt, titanium determination with, .543, 

544 

F'crricyanidc, det. of, 132a,*1201 
F'erro-carlion titanium, determination of 
titanium in, gravimetric method, 
543 

determination of titanium in, volu¬ 
metric method, 544 

F'crrocyanidc solution, standardization of, 
600, 602, 604, 606b 
method for copper, 198 
for lead, 276 
for zinc, 600-608 
F'crrocyanide, det. of, 132n, 1201 
F'erromanganese, det. of Mn in, 303b 
F'errosilicons, 445 
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Yerrouramum, analysis of, 582a 
Yenous amm. sulpnate, method for det. 
Mn, 1360 

Yerrous iron in aluminum, 12 
reduction of chlorates, 162 
of chromates, 156 
test for palladium, 382 
test for platinum, 377 
salts for reduction, chromium deter¬ 
mination, 161 

sulphate method for determining nitric 
acid, 1512 

preparation of reagents, 1514-1516 
Ferrous sulphate method for hitrio acid, 
1512 

procedure for detennining ixirsul- 
phates, 508 
test lor nitrates, 338 
Ferro-ttmgsten alloys, 5,58 
typical awulysis of, 555 
Fen^vanadium, dot. vanadium in, 501, 
10817 

method by American Vanadium Co., 
594 

Fertilizers, mixed, 404 
nitro^n in, 339 
organic compounds, 405 
phosphate in, 363 
potash salts in, 404 
Filler. See under Bituminous Sub. 

Field assay of water, 1441d 
Fillers and modifiers of rublicr, 1.571 
organic, in rublicr goods, 1.569 
Filtration app., 13.57 
Fineness in cement testing, 1205 
sulphur dot., .519n 

Finn’s method of basicity of white lead, 
1182 

Fire assay of gold and silver, 466-488 
assay slags, 475 
assay ton. 409 
borax, amount of, 475 
crucible assay, 471 
crucible char^, 477 
cupillation. 478 
cyanide solutions, 486 
copper bullion, 482 
definitions, ^66 

furnaces and equipment, 468-469 
fusing the charge, 476 
general outline, 466 
gold and silver bullion, 482-484 
lead bullion, 482 

lead reduction with oxidized urea, 471 

lead reduction with sulphido ores, 472 

litharge, amount, 473 

parting, 480 

reagents for, 466-468 

sampling, 470 

sconfication assay, 477 

sodium carbonate amount, 474 

weighing and mixing, 476 


Fire test of lubricating oils, 1120 
for oils, lllQ, lllSd, 1127-1128d 
Fitzpatrick on antimony, 29 > 

Fixed carbon in goal, 1622 
Fixed oils, fats and waxes (see Oils, Fats, 
and Waxes), 1108 

Fixed oils and resins in varnish, 1174 
Flame, coloration of, by barium, 56 
lioron, 93 
calcium, 104 
copper, 177 

potassium, sodium, emsium, lithium, 
and rubidium, 401, 403 
strontium, 489 

tenqicraturo of, see table, 658 
Flash test or point of burning oils, 1109 
of lubricating oils, 1119 
varnish, 1174 

Fleming's gas alworption bulb, 114 
Fleming’s method for carbon in steel, 
112 

Flowers of sulphur in rubber, 1569, 1585, 
1.588 

soc also brimstone, 519 
Flue dust, Sc and Tc in, 440a, 440b 
Flue gases, 12,52 
Fluid measure, table of, 703 
Fluoride of potassium reagent, 12 
Fluoride of sodium, evaluation of, deter¬ 
mining sodium fluoride, sodium sul¬ 
phate, sodium thiosulphate, sodium 
chloride, silica, volatile matter, 
water, ‘226 

det. of fluorine in, 224 
Fluorides, effect on aluminum precipita¬ 
tion, 8 

silica determination in presence of, 444 
Fluorine, detection of, etching, black filter 
and hanging drop tests, 212, 213 
estimation, gravimetric, calcium fluo¬ 
ride method, 216 
lead chlorofluoride method, 217 
volumetric methods, colorimetric 
method of Steiger, 220 
calcium acetate method for, 223 
silicon tetrafluoride method, Offer- 
man's, 218 
occurrence of, 214 

preparation of the sample, calcium 
fluoride, hydrofluoric acid, orranic 
substances, siliceous ores and riags, 
soluble fluorides, fluorspar, 214,2l5 
separation, from boric, hydrochloric, 
phoffihoric acids, 216 
from silica, 215 ' 
solubility of salts, 216 
Steiger-Merwin colorimetric method, 
220 

standard solutions, 220 
traces, detennination of, 224 
F'luorine in barium ores, 66b 
in alkali fluorides, 224, 226 
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Fluorspar, valuation of. determining cal¬ 
cium carbonate, calcium fluoride and 
siflca, 225 

Fluosilicic acid, precipitation of barium 
with, 56 

Foaming and priming of water, 1441b 
Foods, arsenic in, 51 
Foot-candle, definition of, 709 
Foot-pound, definition of, 709 
Foots in linseed oil, 1105 
Formaldehyde, detection and estimation 


of, 17.54 

Ford-Williaras method for del. Mn, 300 


Formic acid, analysis of, 1542 
in acetic acid, 1545 
test for iridium, 388 
test for palladium, 383 
lest for platinum, 377 
test for rhodium, 393 
Formule 

for determining areas, 703 

for diluting mixtures, 1.533 

for givs velocities, 707 

fluorine determination, Merwin’s, 222 

heat value of coal, 1027. See chapter 


Uil. 

of gas, 12.59, 1281, table 3 
iodine value for SO*, llcich test, 121)0 
lime and soda value in water analysis, 
1437 ^ , , 

reduction of volume of gas to stanuaru 
volume, 1265 

Forrest’s extraction of bit. matter, 13.50- 


Frec acid in aluminum salts, 12-13 
in presence of iron salts, 1.541 
test in oils, 1140 tj 

Freezing and boiling pt. curves for ll^’'->4, 
1524 , . 

French, D. K., chapter on water analysis, 

, I 

F'rcsenius, separation of magnesium aiui 

the alkalies (ref.), 407 
method for separating barium, calcium, 
and strontium, 61, lOSd 
method for determining iodine, 242 
and Popp, boric acid in meat, 83 
Friction test of lubricating oils, 1123 
Friedrich’s spiral gas washing bottle 
(Fig. 116), 1237 
Fuel gases, 1’255 
oils, analysis of, 1127 
Fuels, analysis of, 1616, 1634 
Fuming sulphuric acid, analysis of, 15'29 
equivalent (table), 1539 
Furfurol in acetic acid, 1543^ 1545 
in alcohol, 1746 

Furnace methods of assaying, 466 
Fusel oil in ethyl alcohol, 1746 
Fusibility of coal, 1630 
Fusion, heat of, 721 


Fusion method lor arsenic ores, 35 
for potassium bisulphate, 4 
for silicon, 17a 
for sodium carbonate, 4 
for sulphur ores, 495 
for titwiuin ores, 540 
for tungsten minerals. 655 
of ores with sodium hydroxide, 20 
with sodium and potassium carbonate, 
248 


Uaillard on Nllj to HNOj, 361o 
(jalloii, grains [ler U. S., 1431 
Gang mold for cement (Fig. 99), 1212 
Gardner and Schaeffer, chapter on analy¬ 
sis of paints, 1161, 1190 
Gas, analysis, 1231-1286 
apparatus, alisorption bulbs, piixittes, 
tulies, 1'237 

ineasurciiient of large quantities of giui: 
anemometer, caiMimcter, orifice 
meter, Pitot tulic, rotameter, 
Thomas electric meter, wet 
meter, 1'233, 1236 

measurement of small quantities of 
gas: 

llempel’s gas burette, sejmratory 
funnel and graduate, 1236 
apparatus, analytical, Elliott’s appa¬ 
ratus, 1244 
HemiK'l’s, 1245 
Morehcad, 12‘27a 
Orsat’s, 1241 

Orsat modified by Briggs and Kcott, 
SOi determination, 1267 
sampling tulies, pumps, containers, 
1027, 1231-12.33 

applicafion and interpretation of ro- 
sultSj 1’2.52 

examination of gases, detection of, 
tables of, 12:58-1240 
gases alisorbed by silver nitrate, 
1239 

by sulphuric acid, 12:18 
bv potassium hydroxide, 12.39 
unaljsorbod, 1240 

acetylene, dct. oxygen, hydrogen, 
methane, nitrowny sulphur-con¬ 
taining gases, phosphoric, 1271 
air, moisture, carbon dioxide, bac¬ 
teria, carbon monoxide, ozone, 
1’273 

sulphur dioxide in, 1283 
chimney and flue gases, carbon di¬ 
oxide, indicators, temperature 
determination of, 1252, 1253 
electrolytic gas, chlorine and other 
gases, 1’271 

helium, analysis of, 1274g-1274i 
illuminating gas, 1247 
ammonia in, 1261 
calorific value of, 1257 
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Gas—candle-power of, 1256 

carbon dioxide in, 1228a, 1262 
illuminanta, oxygen in, 1228c, 1248 
methane and hydrogen in. Hem- 
pel’s and Hinman’s methods, 
1228a-1230, 1248, 1249 
naphthalene in, 1262 
nitroran in, 1250 
specinc gravity of, 1262 
sulphur and HjS in, 1260,1261 
tar in, 1264 

industrial gases, analysis of, 1227-1230 
mine gases, can)on dioxide in, 1270 
moisture in gases, 1275 
natural gases, 1274n-1274g 
nitrogen in gases, nitrometer method, 
1276 

producer, fuel blast furnace gases, 1260 
dust determination in, 12.')6 
sulphuris acid gases, burner gases, 1264 
arsenic in, 1765 
chloride in, 1765 
dust in, 1763 
nitrogen oxide in, 1270 
solubility of, in liquids, 1487 
sulphuric acid mist in, 1765 
sulphur dioxide in exit gases, 12(K) 
in inlet gases, 1267 
Tyndall test of, 1763 
general procedure with siiecial apiia- 
ratus: 

Elliott, determination of carbon 
monoxide, carbon dioxide, oxy¬ 
gen, 1244, 1245 

HempcI, determination of oxygen by 
hydrogen comliustion, 1247 
by phosphorus method, 1246 
by pyrogallato of potassium, 
1246 

illuminating gas, 1246 
Junker’s calorimeter, 12.57 
Great, determination of cartion mon¬ 
oxide, carlion dioxide, hydro¬ 
carbons, oxygen, 1241, 1243 
tables 1280, 1282 

Gas velocity by Petot, formula for, 
707 

Gas volumes,' conversion formiilie, 707 
Gasoline, determination of calorific value 
of, 1642 

test for lubricating oils, 1222 
tcBte of, 1123, im 

Gay-Lussac apparatus (Fig. 59), for silver 
determination, 457 
method for determining silver, 457 
Goissler absorption bulb for carbon di¬ 
oxide determination, 112 
Gelatine dynamite, analysis of, 1380 
Generator for det. traces of antimony, 
29 

Gcrhardt absorption bulb for carbon di¬ 
oxide determination, 112 


Gerigue’s method for copper, 196 
Gibus method for determining manga¬ 
nese, 300 # 

Gilchrist on iridium, 390 
Gill, chapter on fixed oils,- fata and 
waxes, 1108, 1152 

chapter on analysis of gas, 1231-1282 
carbon monoxide in atmospheric air, 
219, 1273 

on use of sodium pyrogallate (note 1), 
oxygen in gas, 1246 
Gilmore’s needles (Fig. 95), 1211 
Glass analysis, 1789-1793 
density, 1789 

determination of AIjOj FejOi, CaO, 
MgG, PbO, SiO,, 

1790-1791 
alkalies, 1791 
B,0», 1791 
MnOs, 8, 1792 

BaO and Ca, separations, 1793 
factors, 1793 

Glass making materials, analysis of, 1704r- 
1798 

determination of: 
barium carbonate, separations, 
1796 

calcium, lime, 1797-1798 
chlorides, moisture, potash, sul¬ 
phates, 1796 

china clay, kaolin, feldspar, 1795 
Glucinum, detection of, 68 
estimation, gravimetric method, 69a- 
69b 

occurrence, 68, 69 

separation from aluminum, chromium, 
iron, manganese, zirconium, and 
yttrium, 69, 69b 

Glue, in rubber, determination of, 1.593 
Glycerol, boric acid titration in, 86, 87 
determination of, 17.55 
determination of, in soap, 1607 
Gold, detection of, in alloys, 228 
benzidine acetate test, 229 
phenylhydrazine acetate test, 229 
test for, in minerals, 228 
estimation, general procedures: 
gravimetric, electrolytic method, 230 
wet assay of minerals, 230, 488 
volumetric methods: 
colorimetric method, 233 
procedures of Cassell, Moir, 
Prister, 233 
iodide method, 232 
Lenher’s method, 231 
permanganate method, 231 
preparation of proof gold, 234 
solubility, 

Gold bar, platinum and palladium in, 385, 
387 

Gold bullion, fire a^y, of 484 
Gold, fire assay of, 466^88 
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Goldcnberg’s method for det. tartaric 
. acid, IMl 

Gooeft method fur detennining lithium, 
414 

for determiniDg titanium, modified, 
542 

and Blake's method for determining 
bromates, 96 

and Bosworth's method for determining 
silver, 463 

and Ensiger, separation of bromine 
from lodme, 94 

and Fairbanks’ method for molylKie- 
num, 318 

and Gruener, method for det. nitrate, 352 
and Jones, method fur boron, 85 
Gooch crucible, preparation of, 596d 
Graphite, carbon determination in, 130 
determination of, in crude mineral, 130 
in iron and steel, determination of, 115 
Graphitic silicon in aluminum, determina¬ 
tion of, 17a 

Gravimetric methods. See under element 
in question. 

Gravity. See Specific Gravity. 

Gray’s method, carbon residue test in oil, 
1122 

distillation flask (Fig. 91), 1122 
Green pigments, analysis of, 1177, 1198 
Greenwood, H. D., selenium and tellu¬ 
rium, 430 

Gregory, test for silver, 439 
Grinders and crushers, 1011-1015 
Grdgcr, decomposition of chromic oxide 
(note), 158 

chromium determination (note). 161 
Gum arabic in explosives, 1388 
test for, 1385 

Gun metal, analysis of, by A. S. 1. M., 
1058-106:1 

Gumming test in lubricating oils, 1121 
Guttapercha and llalata, analy., 1584 
Gutbier and Htlller, method for zirco¬ 
nium, 521 

Gutzeit apparatus, arsenic determination 
(Fig. 6), 46 

method for determining arsenic, modi¬ 
fied, 52 

Grain growth in steel, metallography of, 
1719 

Gruener, H. W., on nitrates, 3.52 
Gryory’s method for determining anti¬ 
mony, 25 
Gypsum, 105 

A. 8. 'T. M. methods (or, 1081) 

Hale, F. E., chapter on methods for anal¬ 
ysis of coal, 1616 

soap test for hardness in water, 1436 
starch, preparation of, 1432 
water analy., sanitanr, 1442-1453 
bacteriological, 1454-1468 


Halogens, separation and determination 
in presence of one another. 1.5,5 
Ilalphen’s test for cottonseed oil, 1136, 
1143 

Handy’s volumetric method for magne¬ 
sium, 294 

Hanging drop test for fluorine, 213 
Haims’s method for iodine number of 
oils, 1128 

method for oil, 11.37 
solution, 1167 

Hardened oils (see Oils, Fats, Waxes), 
1145 

examination of, 1147 
Hard lead, antimony, 25 
decomposition of, 21, 25 
Hardness, determination of, in wati-r, 
1438 

Hawley, F. G., on silica det., 449, 4.50 
Heat of fusion, table of, 720li , 

Heat definitions, 708 
of fusion, table of, 720b 
passing up ehimiicy, calculation of, 
12.53 

test for oils, 1123 
treatment of steel, 1719 
Heating value in gas, 1288k 
Heath, permanent copper standard solu¬ 
tion (ref.), 199 

Heath’s solenoid, rapid deposition of 
copper by, 187 
Heavy hydrocarbons, 1227c 
Hehner’s test for formaldehyde, 17.54 
Helium in the atmosphcni, 338 
analysis of, 1274g-1274i 
Hempel ajiparatus, 1245 
apparatus, description (Figs. 122, 123), 
124.5, 1247 

gas burette (Fig. 122)j 1236 
method for determining methane and 
hydrogen, 1249 

Henrique’s method in rublicr analysis, 
1.582 

Henz and Classen method for tin, 536 
llerig automatic device for burette, 1497 
Hcrschel’s dcmulsibility test for oils, 
1123 

Herting, volumetric methoil for tungsten, 
563 

Hesse’s method for carbon dioxide in at¬ 
mospheric air (Fig. 132), 1272 
Hexabromidc test for linseed oil, 1137, 
1143 

Hickman, chapter on platinum and plati¬ 
num group, 376 

Hicks, chapter on potassium, sodium, and 
other alkalies, 401 

chloropiatinate method for potassium, 
411 

Hillebrand, alkalies (ref.), 416 
on silica determination (ref.), 4,36 
uranium det., 583 
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Hinman’g method for determining meth¬ 
ane and hydroMn, 1248 
and Jenkins, sulphur apparatus (Fig. 
127), 1260 

volumetric method for sulphur, .706 
Hints and Weber on sulphur precipita¬ 
tion, 497 

Holdo, caoutchouc in lubricating oils, 1121 
HoUaoay, J. A., on molybdenum det., 313, 
320, 322 

on tungsten det., 5.74, .760 
Holloway-lSchka process for determining 
mercury, 311 

Holstein, L. 8., on cadmium analy., 99 
Hommel’s process for separating molyb¬ 
denum and tungsten, 558 
Hooper's method for treatment of speisses, 
slags, mattes, etc., 20 
Horse-power, definition of, 709 
Haskins’ electric furnace (Fig. 107), lOJlO 
Hot water precipitation of tin, 620 
Howard-Harrison, fusion of sulphide ores, 
20 . .. 
HUbl’s method for iodine numlwr in mis, 
1129 

for oil, 1138 

HUbner’s method for cstim. rublicr, 1.780 
Humidity charts, air, 1288a, 12881) 
Hydrazine sulphate, decomposition of 
nitrous acio, 342 
reduction of chromic acid. 342 
Hydrazine-hydrochloridc-sulphur method 
for tellurium, 437 

Hydriodic acid, removal of, from nitric 
acid, 342 . . 

Hydrobromic acid, removal of, from nitric 
acid, M2 

Hydrocarbons in gas analysis, 1‘243 
in illuminating gas, 1248 
in natural gas, l‘288h 
in rubber, 1594 

in soap, 1608 . 

Hydrochloric acid, detection of free, 142 
analysis of, 1501 

estimation, gravimetric methods for, 
148 

free, det. of, 154 
in acetib acid, 1M7 
in ammoniacal li<|uors, 344 
in bichloride of tin, 530 
In nitric acid, 1510 
in presence of chloric and jxirchloric 
aeids, 153 

in sulphuric acid, 1528 
volumetric methods, 149,1501 
impurities in, arsenic, 35, .70, 1502 
barium chloride in, 1502 
chlorine, free, in, 1501 
nitric acid and nitrates in, 1501 
silica and total solids in, 1502 
sulphuric acid and sulphates in, 1502 


Hydrochloric acid, preparation of arsenic- 
free acid (Fig. 5), 48 
standard solution,1495 " 

table, sp. gr., 1504 
test for iron, 246 
test for lead, 271 
test jor mercury, 308 
Hydrocyanic acid, volumetriedet. 131,1727 
detrotion, 1726 

Hydrofluoric acid, analysis of, 1.707 

gravimetric estimation, preparation 
of samples for, 215 

decompositionof rareearth ores with, 136 
method for alkalies, 417 
hydrofluosilicic acid in, 1507 
sulphuric acid in, 1507 
sulphurous acid m, 1507 
Hydrofluosilicic acid in hydrofluoric acid, 
1507 

Hydrogen chloride gas, generation of 
(note)j 10 

Ilydrogen-ion concentration, det. of, 1430, 
1663 . . , , 

Hydrogen combustion method for det. 
oxygen, 1247 

determination in gas, 1248, 1249 
({cnerator, 1278 
in the atmosphere, 338 
properties of, 1227c 
reduction method for copper, 205 
reduction of rhodium salts, 395 
reduction of tin ores, .727 
Hydrogen peroxide, chromium detection 
by, 1.76 

method for formaldehyde, 17.74 
method for iodine, 243 
method for titanium, .745 
method for detecting vanadium 583 
-phosphoric acid method for decom¬ 
posing iodides, 243 
test for thorium, 522, 524 
Hydrogen peroxide, det. of, 1761 
Hydrogen sulphide, evolution method, .703 
estimation of, 509 
group, separation of, 168, 292, 405 
m ammoniacal liquors, 345 
in gas, 1261 
in steel, 1368g 
in water, 14,36 
method for det. iron,^ 611 
method for ppt. Cii in steel, 1368c 
precipitation of molybilcnum, 317 
reduction of chromates, 156 
reduction of ferric solutions, 251 
test for copper, 177 
test for iridium, 388 
test for lead, 271 
test for meremy, 308 
test for nickel, 329 
test for palladium, 382 
test for platinum, 376 
test for rhodiuin, 393 
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Hydrogen sulphide, test for ruthenium, 
390b 

test for vanadium, SS3 
IlydroTOn sulphide generator, 42 
Hydrolysis of aluminum salt with am¬ 
monia, 7 

method for tin, 528 
with thiosulphate, 9 
Hydrometer, Fig. 80a, 1502 
Hydrometer for apecitic gravity of oils, 

nil 

Hydrometer method for CXI* det., 125 
sp. of bituminous sub., 1295 
Hydrosumhite of sodium, det. of, 510 
Hydroxide of aluminum, orecipitation, 
7,9 

effect of boiling, 8 
hydroxylamine hydrochloride, 1427 
of bismuth, precipitation of, 74 
of sodium and potassium, 1.552-15.50 
table, 1.5.58 

Hydroxylamine, det. of, 352 
Hypochlorite, test for, 143 
in pn^ence of Cl, 151 
HyfMXihlorous acid, detection of, 143 
determination of, 151 
Hypophosphorous acid, test for, 3<i2 
Hypotheses and chemical laws, 723 

Ignition loss in aslicstine, china clay, 
silica, silex, 1187 
in Imrytcs and blanc fixe, 11,88 
in bauxite, 17h 

in gypsum, plaster of Paris, 1188 
Illuminants in givs analysis, 1248 
properties of, 1227c 

Illuminating gas, analysis of, 1227, 1247, 
1250 

Impurities susiiended in gas, test for, 1703 
Incrusting solids in water, 1421 
Indicators, table of, 1491 
Indigo sol. titration of hydrosulphite, .510 
Indirect method for detennining sodium 
and potassium, 413 

Indium, detection and determination of, 
139 

Industrial gases, analysis of, 1227-1230 
Inks, printing, analysis of, 1799-1803 
determination of oil, 1799 
separation from pigment, 1799 
pigment analysis, 1800 
black inks, 1800 
blue inks, 1802 
green inks, 1802 
red inks, 1802 
physical examination, 1804 
Inlet gaps, sulphur dioxide in, ‘1287 
Insecticides, water-soluble arsenic in, .38 
InsoluUe matter in asbestine, china clay, 
silica, silex, 1187 
in aluminum hydrate, 17i 
in commercial selebiura, 440 


Insol.—in composite white paint, 1189 
in orange and yellow pigments, 1195 
in Portland cement, 1209 
in sodium fluoride, 228 
in sodium nitrate, 349 
in zinc oxide, 1184 

Interpretation of results in gas analysis, 
1230, 1252 

in analysis of oil, 1158 
in mineral analysis of water, 1441 
in sanitary analysis of water, 1419 
lodatc, determination of, 244 
and periodate in a mixture, 244 
lodate method for det. arsenic, 44 
lodatc of potassium, decomposition of 
iodide with, 241 

lodidc-chroniate method for lead, 278 
Iodide method fur antimony, 28 
for arsenic, 43 

fur chromium determination, 181 
for copper determination, 193, 19;ib 
fur detennining tin, Si2 
for gold determination, 232 
for metabisulphites, sulphites, sul¬ 
phurous acid, thiosulphates, 131 
for jwroxide determination, 1491 
Iixlidc of potiuisium, reduction of ferric 
solutions with, 2.52 
Iodide-phosphate method for Cu, 17b 
Iodine, detection of free, combineil, iodate, 
238 

estimation, general procedures: 
gravimetric os palladuus iodide, 2.30 
as silver iodide, 239 
volumetric determination of hydriodic 
acid and soluble iodides, 239 
lilieration of iodine with chlorine 
(Mohr-Dupr6), 243 
of ferric salts, 241 
of hydrogen peroxide and phos¬ 
phoric acid, 243 
of iodate of potassium, 241 
of nitrous acid, Frescniiis method, 
242 

Volhnrd’s method, 24.3 
estimation, spcciid procedures: 

in nitric acid, determination of, 1511 
fsicurrencc, 236 j 

prc|>aratiun of the sample for estima¬ 
tion of iodine in iodides, iodates, 
commercial iodine, minerals, or¬ 
ganic substances, phosphates, wa¬ 
ter, 2.37 

reagent, 0.1 N, preparation of, 28, 731 
separation from heavy metals, from 
bromine and chlorine, 2.38, 239 
solubility of the element and its salts, 
2.38 

Iodine jelly test of paint vehicles, 1170 
in mineral water and brines, 245 
numlier (Hhbl), in oil analysis, 1127, 
1189 
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Iodine number, linseed oil, 1100 
number (Hubei), 1169 
standard solution, 28, 1107 
tung oil, 1170 

Iodoform test for alcohol, 1740 
lodometric det. of nitrates, Gooch and 
Gruener, 352 
Iridium, detection of, 388 
by alk., KCh NH 4 CI, HA Zn, Pb, acet., 
Zn, KsCX)], formic a., etc., 382 
estimation, 389 
gravimetric methods, 390 
ammonium iridium chloride, 390 
ignition with ammonium salt, 390 
method of Devillc and Stas modi¬ 
fied by Gilchrist, 390 
residue, obtained as, 390 
reduction by sine, 390 
preparation and solution of sample, :t89 
properti^ of, 389 
separations, from osmium, -IdO 
platinum, 389 

Iron, detection of, tests with hydrochloric 
acid, ferrocyanide, salicylic acid, 
sodium jicroxidc, sulphocyanatc, 240 
colorimetric mcthoil, 261 
distinction lietween ferrous and ferric 
salts, 240 

estimation, general procedures: 

gravimetric, determination as ferric 
oxide, Fc,()j, 249 
cupferron method, 17k, 250 
volumetric methods, oxidation |)ro- 
cedurcs, 251 

diphenylamine .method, 255 
oxidation methods, 251 
preliminary reduction with hydro¬ 
gen sulphide, metal, ]K)taasium 
iodide, sulpiiuroiLS acid, test 
lead, zinc, 251, 2.52 
potassium dichromatc methoil, 2.53, 
2.55 

potassium permaiiganato methml, 
17b, 250, 2.571) 

reduction procedure with staiinoiis 
chloride, 200 

reduction with titanious salt, 2.58 
estimation,,special procedures: 
detenniuation in alloys and metals: 
in aUoys, 105.5, 1073, 1082, 1092, 
1097, llOOj 
in aluminum, I7a 
in aluminum hydrate, 17h 
in bauxite, IS 

in bronze, A. 8 . T. M., 1076 
in calcined ore, 17k 
in copper, 200 
in glass, 1790 
in ink pigments, 1800 
in lend, 2 Wa 

in manganese phosphorus bronze, 
1047 


Iron—in ores, 251 

in paper making materials, 1773 
in paint pigments (iron oxides), 
1185, 1189, 1193, 1196 
in phosphates, 372, 374 
in Portland cement, 1207 
in sand, 448 
in selenium, 432 
in slag, 1011 
in sodium nitrate, 322 
in siielter, HjS and colorim. meth¬ 
ods, oil 

in sulphuric acid, 1526 
in spent oxide, 519 
in titaniferous ores, .5.52 
in water, as ferrous and ferric 
iron, 1423 

determination of, in presence of vana¬ 
dium, 589, 592 

industrial application of methods, 240 
occurrence, ores and minerals, carbon¬ 
ates, sulphides, 240, 247 
preparation and solution of the sample, 
iron and steel, 248 

ores, soluble sidts, silicates, etc., 247, 
248 

separatioas, other method, 248 
general procedure, 248 
separation from chromium, 158 
solubilities, general considerations, 247 
traces, colorimetric mcthixls, salicylic 
acid method, 262 
sulphocyanatc method, 261 
Iron and steel analysis, decomposition of, 
for determining iron, 203, 1351 
A. S. T. M. methods, 1351-1368 
determination of aluminum in, 16 
arsenic in, 37 

carlwn in alloy steels, 13.59 
carbon in, combined, colorimetric 
determination, 128, 263, 13.59 
graphitic, 205 
total, 95, 2a5, 1352, 1354 
chromium in, 158, 16.5, 1368f 
copper in, 181, 1368c 
by colorimetric mcthorl, 1368d 
cobalt in, 174 
hydrogen in, 136^ 
manganese in, bismuthate method 
for, 267, 301, 1360, 1.362 
Deshey’s method, 266, 306 
persulphate method, 266, 305 
Volhard's method, 302 
determination in alloy steels, 
1362 

, Ford-William’s method, 306 
method for cast iron, 1362 
molybdenum in, 314, 316 
nickel in, .331, 336a 
nitrogen in, 361a 
oxygen in, 1368i 
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Iron—phoaphonu in, 268, 269, 368-870b 
in alloy ateda, 1365 
reagents used in steel analysis, 
1361-1368 
silicon in, 270, 440 
procedure for iron and steel, 445 
rapid foundry method of deter¬ 
mination, 1368a, 1368b 
sulphur in, gravimetric, 269, 1306 
volumetnc, 500-504, 1368 
sulphur in alloy steel, 1368a 
titanium in, 547 
tungsten in, 654, 556 
uranium in, 582a 
vanadium in, 584, 501, 696 
zi^nium in, 232, 268 
specihcations for elements in steel: 
carbon, 265, 1371 
manganese, 267, 1371 
phosphorus, 268, 1371 
silicon, 270, 1371 
sulphur, 1371 

Iron ores and iron ore briquettes, copper 
determination in, 180 
ore briquettes, reduction for sulphur 
determination, 502 
sulphide, available H|8 in, 503, 509 
Iron salts, free acid det. in 1541 
Iron, nickel, cobalt and zinc in AsiOs, 54 
Iron and alumina in barium ores, 67 
Irrigating waters, 1441c 
Ivanov on aluminum, 17 

Jaeger, F., on platinum and palladium 
det., 385 

Jackson’s candle turbidimeter, 1620 
Jamieson’s arsenous method lor peroxide 
det., 1761 

Jannascb method for separation of the 
halogens, 238 

metallio test for palladium, 382 
for iodine (ref.) 147 
for platinum, 377 
for rhodium, 393 

precipitation of bismuth hydroxide 75, 
Japanese wood oil. See Tu^ Oil. 
Jenkin’s apparatus for specific gravity of 

r (Fig. 129), 1263 

Hinman gas-sulphur apparatus 
(Fig. 127), 1260 

Jones rMuctor apparatus (Fig. 40), 257 
metnod for iron determination, 257 
method for molybdenum determina¬ 
tion, 310 

method for phosphorus determina¬ 
tion, 369 

Joule, definition of, 709 , 

Junker’s calorimeter (FigS. 1^, 125,126), 
1267, 1258 

Kefarmann’s separation of tungsten from 
anenic and phosphorus, 5w 
59 


Kelley, Q. L., eleotrometrio methoefa, 
1663-1682 

apparatus for electrom. methods, 1547 
Kempf’s oxalic acid method for determi¬ 
nation of peraulphates, 508 
Kerosene, aiudysis oi, llll-1112e 
Kingzett’s iodide method for det. perox¬ 
ides, 1761 

Kjeldahi det nitrogen in explosives, 1382 
Kjeldahl digestion for nitrogen determi¬ 
nation, 340, 350 

Kneeland, decomposition of ores and 
slags, 214 

Knop’s diphenylamino indicator for iron 
Oet., 225 

Knorr aiaenic distiU. app., 39a, 365 
Knorr’s persuiphato method for deter¬ 
mining manganese in water, 1428 
apparatus, modified, for carbon dioxide 
ide determination, 

Kramcr-Samow heat tests, bit. sub., 1305 
Krypton in the atmosphere, 338 

Ijacmoid indicator, preparation of, 744, 
1152 

uses of, 1492 

Ladd, K. M., on pyridine in amm. nitrate, 
360 

Ijandolt-Boernstcin on heats of fusion, 
720e 

I.,andrum, cobalt in cobalt oxide, 171 
cobalt m enamels, 173 
I^inthanum, 134, 135 
Lard, cottonseed oil in, 1144 
water in, 1144 

Ijatent heat, definition of, 708 

electrohtic det of, A. S. T. M., 10^ 
liawrence Smith (J.), method for alkalies 
in silicates, 416 
I.aw8, chemical, 723 
Leach’s test for formaldehyde, 1754 
Ixsad and copper in AsiOi, 53 
Lead, chromate-ferrous-diphenylamino 
method for. 278b 



^chromate and potassium chromate. 


271 

estimation, general pitxihdurea: 
gravimetric method, determining os 
chromate, PbCiOs, 276 
as molybdatejPbMoOi, 276a 
as peroxide, FbOi, by electrolysis, 
275b 

as sulphate, FbSOi, 274 
volumetric methods, feirocyanide ti¬ 
tration, 276 

chromate-iodide method, 277c 
feirocyanide method, 276 
molybdate method of Alexander, 
277b 

permanganate method of Low, 277 
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Lead, estimation, special procedures: 

determination in alloys and metals, 
1051, 1052, 105;i, 1061, 1062, 
1067, 1070, 1071, 1080, 1081, , 
1108, 1106a, 1106b 
in basic carbonate of lead, 278b 
, in'bronse, det. as PbSO«, 1076 
id copper, 201 

in corroded white lead (volumetric 
and gravimetric), 1181 
in gun metal, A. S. T. M., 1058 
in nickel, 330d 

in paint pigments, chrome green 
and yem)W, 1198 
in picric acid, 1303 
in red lead and orange mineral, 
290d, 290f, 1190 
in selenium, commercial, 439 
in slag, 1615 
in sof^soldeiB, 1080 
in spelter (electrolytic and lead 
acid methods), 609 
in sublimed blue load, 1197 
in sublimed white lead, 1189 
in sulphuric acid, 1525 
in water, 1437 

in yellow basic lead chromate, 1195 
in zinc lead and leaded zinc, 1183 
I^ead, estimation, determination in small 
quantities (see Truces in Water), 1433 
impurities in metallic lead; 
antimony in hard lead, 25 
bismuth in lead bullion, 79 
complete analysis of pi^, lead, deter¬ 
mining bismuth, silver, arsenic, 
antimony, tin, iron, cobalt, nick¬ 
el, manganese, zinc, 290-290e 
industrial application of methods, 271 
in minimum, 290d, 290q 
occurrence, minerals, ores, alloys, etc., 
271 

preparation and solution of the samples 
—minerals, ores, alloys, etc., 272 
separations, isolation of lead as sul¬ 
phate, 273 

extraction of the impure sulphate by 
ammonium acetate, 273, 279 
separation from barium, 273 
solubilities of fiietallic lead and its salts, 
271 


traces, determination of: 
gravimetric, from large amounts of 
, substances: 
a. acetate extraction, 279 
h. occlusion by precipitate of an¬ 
other metw, 280 

e. Seeker-Clayton method, modi¬ 
fied, 281 

volumetric, colorimetric method, 282 
Lead acetate cotton, 30 
Lead acetate method for precipitating 
vanadium, 588 


Lead test for chrpm^, 156 
test paper, 49 

Lead arsenate, arsenic determination in, 
36 

Lend basic carbonate, det. of, 228b 
Lead bullion, assay of, 482 
bismuth in^ 79 

carbonate in sublimed blue lead, 1197 
zinc in, 617a 

chloro-fiuoride method for fluorine 
determination, 217 
method for Setennining molybdenum, 
316 

Lead oxide, electrolytic method, 1184 
method for manfpiesc in steel, 266 
peroxide in red lead; 290f 
sulphate, decomposition of, for sulphur 
determination, 340 
in sublimed blue lead, 1197 
sulphite in sublimed blue lead, 1197 
Lead oxide, method for det. manganese, 
263 

I,ead, pig, analysis of, 286-290e 
Ixiaks, tests for 1368n 
l;e Blanc and Eckhardt’s ferrous sulphate 
method for persulphates, 508 
Le Chatelier’s siiecific gravity apparatus, 
120.5 

reagent for etching, 1705 
Ledoux and Co. methods, 280, 322, 560 
for tunraten det., 560 
Ixm^h, unit tame, 702 
Lcnher, V., chapter on selenium and 
tellurium, 430-440 
Lenher’s method for gold, 232 
-Crawford thymol method for titanium, 
550 

and Trogg, precautions on silica deter¬ 
mination, 447 

Lennsen’s iodide method for tin. Baker’s 
modification, 532 
Lewkowitsch on oil tests, 1135 
Liebcrmann-Storch's test for rosin oil, 
1139, 1144b 

Liebig’s absorption bulb. 111 
method for determining hydrocyanic 
acid and cyanides, 131 
Liddell on dust in gas, 1256 
Lime, available, 108 
analysis of, 1784 

Lime, effect on silica dehydration, 446 
and magnesia in barium ores, 67 
method for halogens in organic matter, 
146 

in sand, 448 

-value in water analysis, 1441 
ir. silicate of soda, 448 
in slag, 1610 

Lime and limestone determination in 
cement and analysis, 1220 
water test for magnesium, 291 
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Limestone, lime, oejpent rock, analysis of, 
1225 

Lindo-Gladding’s method for ixitassium. 

Linseed oil, analysis of, 1165 
swcifioations, 1168 
Liquid fuels, analysis of, 1125 
Liduids, sampling of. See Sampling. 
Litharge, 290 

charges in assaying. Sec chapter on. 
Lithium, detection of, 403 
estimation, general procedures: 
as lithium chloride, 414 
as lithium sulphate, 414 
det. in water, 1428 
Gooch’s method, 414 
Rammelsberg’s method, 415 
spectroscopic method, 415 
sodium and potassium determination in 
presence of one another, 416 
Lithoponc, analysis of, 1186 
Litmus indicator, uses of, 744, 1492 
Little-Cahen-Morgan, det. arsenic in or¬ 
ganic matter, 36 
Logarithms, table of, 713 
Loss of weight method for carbonates, 
124 

on ignition aluminum hydrate, 17h 
bauxite, 171 

on ignition in Portland cement, 1208 
Low, A. H., electrolytic method for co¬ 
balt, 170 

method for dccomp. antimony ores, 
19 

method lor lead, 277 
method for manganese, 307 
method for mercury, 312a 
Low-freezing dynamite, analysis of, 1381 
lyOwenthiU-Proctor on tannic acid, 1700 
Lower oxides in nitric acid, 1511 
in oleum and mixed acids, 1.530 
Lubricating oils (see under Oils, Pats, 
Waxes), 1115, 1148 

Lundcll and Knowles, on molybdenum, 
320 

Lunge-Marchlewski on carlion (ref.), 127 
^y pipette for weighing of liquids, 
1498 

Luteol indicator, 531 
Lux, definition of, 708 

McDaniel’s app. for det. solubility of 
gam, 1488 

MacMichael’s viscosimeter, 1116d 
Mackey’s apparatus for spontaneous com¬ 
bustion-oils, 1140 
Magenta test for bromine, 92, 96 
Magnesia, effect on silica dehydration, 
46 

in slags, 1613 


Magnesium, detection of, 291 
estimation, methods for determining, 
gciieral; 

gravimetric, as magnesium pyrophos¬ 
phate, 17e, 293 

volmnctric, titration of anuuonium 
magnesium phosphate, 294 
estimation, special methods: 
determination in alloys, 1106c 
determination in gypsum, 1188 
in sand, 448 
in silicate of soda, 448 
in Bodiiun nitrate, 350 
in water, 1425, 1436 
estimation, in composite white paint, 
1190 


in green pigments, 1196 
in orann and yellow pigments, 1195 
in Portland cement, 1217 
with sodium and ^tassium in pres- 
enceof one another, e8Mmationoi,200 
occurrence, 291 

preparation and solution of the siunple 
—ores, ‘291 

se|>arntion from the hydrogen sulphide 
group, Cu, Pb, Cd, As, etc., 292 
from iron, aluminum, manganese, 
and zinc, ‘292 

from tlie alkaline earths, 50, 292 
solubility, 291 

Magnesia mixture, preparation of, 328,733 
Magnesium anunonium phosphate method 
for phosphorus, 367 
chloride in water, 1440 
metallic, test for platinum, 377 
pyroarsenate metnod for arsenic, 41 
pyrophosphate method for phosphorus, 


sulphate, arsenic in, 51 
Maize oil, constants, 1148 
Malctosta and Do Nola, silver det., 440 
Manganese-bronze, analysis of, A. 8. T. 
M,, 1047-1057 

Manganese, detection of, general pro¬ 
cedure and liead test, 
in soils, minerals, vegetables, etc., 295 
estimation, general methods: 
gravimetric, as manganese, pyrophos¬ 
phate, 300 , 

Ford-Williams method, 306 
as mangtmese dioxide, 301 
volumetric, bismuthate method, 302a, 
1360, 1362 

lead oxide method, 306 > 

persulphate method, 305 
sodium arsenate method, 17c 
Volhard’a method, 302 
estimation, special proisdures; 
determination in alloys, 1060, 1057, 
1093,1100, 1101, 1106d, 1107 
determination in iron and steel, 264, 
266, 1360, 1362 
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Manganese in bronze, det. of A. 8. T. M., 
1047-1067 
in cast iron, 290 
in ferro-manganese, 303b 
in fcrro-chrome, 299 
in ferro-silicon, 299 
in fenx)-tun{^ten and tung. metal. 573 
in materials insoluble in acid, 290 
in metallic lead, 290 
in metallic manganese, 304 
in ores, 303, 307 
in slag, 1612 
in spiegel iron, 306 
in steel, 266, 267, 1360 
in steel, electrolji^ic method, 1680 
in tungsten alloys, 514 
ores, 508 

in tungsten ores and concentrates, 569 
preparation and solution of the sample, 
alloys, forro-aluminum, ferro-chro- 
nuum,‘'ferro-titanium, manganese, 
bronze, molybdenum and tungsten 
alloys, silicon alloys; iron and 
steel; ores, iron ores, sulphides, 
slags, 296 

separation from H>S group, alkaline 
earths and alkalies, nickel and co¬ 
balt, 298 

from iron and alumina by basic ace¬ 
tate, 298 

precipitation of manganese ns dioxide, 
MnO„ 301 

solubility of the metal and its oxides, 296 
Manganese metal, Mn in, .304 
Manganese oxide in paint pigments, 1185 
Mannitol, boric acid titration in, 86, 87 
Marsh, electrolysis of nickel, 335 
Marsh gas, det. of, 1227e-1248 
Marsh test for arsenic, 47 
Martin, on absorption apparatus for COi, 
114 

Martin, H. E., on bauxite analy., 15 
Marvin, T., on vanadium, 596a 
Masses, unit table of, 702 
Matte, copper, solution of, 179 
Mattes, decomposition of, 20 
Maumen5 test for oils, 1126, 1135 
McDonnell and Roark arsenic separation, 
37 

McDowell, method for hydrocyanic acid, 
131 

Meade, chapter on cements, 1202 
Measuring apparatus vol., 1686 
Meat, arsenic in, 51 
boron in, 83 

Meiklejohn, R. M., properties of com¬ 
pounds, table XVlI, 679-683 
conversion factors XVIII, 683-698 
volumetric apparatus, 1685 
weights standardization, 1695 
Mellor, calcium oxalate, decomposition of, 
107 


Mellor on precipitation of tungsten, 563 

traces of load, 282 

Melting temperature of elements, table of, 
658 

Mene, ferric chloride method for tin, 535 
Mennick, chloric and perchloric acids, 153 
Mercia, P. D., on nickel, 329, 336d 
Mercuric cyanide test for palladium, 382 
oxide method for separating magnesia 
from the alkalies, 407 
Mercurous nitrate method for chromium, 
160 

method for precipitating molybde¬ 
num, 316 

method for precipitating vanadium, 
587 

test for chromate, 156 
Mercury chloride paper, for arsenic deter¬ 
mination, 47 

Mercury^ cleaning of, 1279 
detection of, 308 

estimation, methods of procedure: 
gravimetric, electrolytic method, 310 
Halloway-Eschka method, 311 
sulphide, precipitation, 310 
volumetric, by Seamen’s process, 312 
thiocyimate method, 312a 
occurrence, 308 

preparation and solution of the sample, 
ores, 308, 309 

purification of the reagent, 1279 
separation from meml^rs of subsequent 
groups, 309 

from As, Sb, Sn, Pb, Bi, Cu, Cd, Se, 
Te, 309 

from organic substances, 309 
solubility, 308 

Mercury, free, in fulminate, det. of, 1395, 
1397 

Mercury in organic matter, 312b 
Mercury in rubber, 1581 
Mcrcu^ in zinc amalgam, 1107 
fulminate, analysis of, 1395 
Merwin color screens, 402 
and Stiegers’ method for fluorine, 220 
Messinger’s method for acetone det., 1759 
Metabisulphite, gravimetric determina¬ 
tion, Ml 

volumetric iodine method for, 512 
determination in presence of carbon¬ 
ates, chlorides, sulphates, sulphites, 
thiosulphates, 514 
Metallic aluminum and its alloys, 5 
silicon and iron in, 17a 
cobalt, cobalt in, 167,172 
copper, 178 

determination of gold, silver, lead, 
bismuth, arsenic, antimony, se¬ 
lenium, tellurium, iron, zinc, 
nickel, cobalt, oi^gen, s^hur, 
phosphorus, chlorine in, 19^206 
gold, preparation of proof, 234 
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Metallic Iron (and steel). See subject 
determinations of carbon, manganese, 
phosphorus, siUcon, sulphur in, 283- 
270, 1351-1371d 

chromium, cobalt, nickel, titanium, 
tungsten, vanadium. See Iron 
and Steel Analysis. 

lead, determination of silver, bismuth, 
copper, cadmium, arsenic, anti¬ 
mony, tin, iron, cobalt, nickel, man¬ 
ganese, zinc in, 288-290c 
manganese, Mn in, 304 
nickel, aluminum in, 338d 
bismuth in, 336c 
cobalt in, 172 
lead in, 336d 
platinum, 380 

silver, preparation of pure, 448 
tellurium and selenium in, 440 
zinc in zinc dust, 607 
impuritira, lead, iron, cadmium in 
spelter, 610 

Metallography, 1701-1722 
carlmn steel, microphotograplis, 1713 
case hardening, 1720 
copper-zinc alloys, metallography of, 
1710 

equilibrium diagrams, 1706 
etching sample for micro examination, 
1705 

reagents for etching, 1705 
ammonia 
ferric chloride 
Le Chatelicr No. 1 
nitric acid-alcohol 
nitric acid, concentrated, Sauvour 
picric .acid-alcohol 
sodium picrate 
Yatscvitch’s reagent 
heat treatment of steel, 1710 
influence of elements on iron and steel, 
1721 

influence of mechanical work, 1716 
iron-carbon alloys, 1711 
iron, pure, microphotograph of, 1707 
nucroscope, directions regarding, 1701 
photographic materials, 1703 
preparation of specimens, 1703 
MetaU. See Metallic. 

Metaphosphoric acid, test for, 362 
Meter, wet meter, rotameter, capometer, 
Thomas electric meter, orifice meter, 
anemometer, 1233-1236 
MetWe, determination of, 1248-1249 
properties of, 1227e 

Methyl alcohol, detection and detennina- 
tion, 1753 ^ • 

Methyl borate, distillation of lioron, 84 
Methyl orange indicator, 26, 347, 744, 
1491 

red indicator, uses of, 1401 


Methyl violet test paper, preparation «rf, 
1403 

Metric and customary units, taUe XXI, 
702 

Metze! and Vortman, method for anti¬ 
mony, 24 _ . . 

Meyer’s apparatus for zinc determination 
(Figs. 72, 73, 74), 608 
Microchomical examination of crystals for 
tantalic and coiumbic acids, 575 
Microscojio, 1701 
e.xiun. of steel, 1701 

Microscopical examination of water, 1442 
organisms in water, control of, 1451 
identification of, 1449 
illustrations of, plate, 
list of, 1443, 1448 

Microscopical U»t of lubricating oils, 1123 
Mierocosmic salt^roactions, talilo of, 027 
Milk, boron in, 83 
Milliliter, def., 1694 • 

Mine gases, carbon dioxide in, 1270 
Miner, H. S., on det. of thorium, 523a 
Mineral acids. See Acids, 
analysis of water, 1421 
matter in rubber, 1570 
oil. 1148 

residue in water, 1434 
salts in burning oils, 1113 
Minerals, deconqioBition of, for detcrminii- 
tion of lead, 272 
detection of tun^ten in, 5.54 
list of common, 717 
test for gold in, 228 
Sec list uiuier dominating elements 
contained in Part 1, also 717 
Minium, lead det., 290f 
Miscellaneous, 1743 

Mispickcl, preparation for arsenic deter¬ 
mination, 37 

Milscherlich’s anp. for N dot., 351 
Mixed acid, analysis of, 1.530 
Mixtures, sodium and potassium carbon¬ 
ates and hydrates, 1.556 
Modified sodas, analysis of, 1555 
Moiir’s alkalimcter, 124 
method (modified) for antimony, 27 
for arsenic, 43 
for chlorine, 150 • 

for iodine, 243 
MoiFs method for gold, 233 
Moisture in air, 3^, 1272, 1275, 1494 
in arsenic, commercial, 53 
in bauxite, 15, 17f 
in brimstone, 510 
in butter and fats, 1143-1144 
in coal, 1618 

in explosives. See subject, 
in gases, 1275 
in nitrate of soda, 349 
in oils (burning), 1113, 1144 
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Moisture in paints and paint pigments, 
1163, 1186, 1187, 1188, 1190, 1193, 
1194,1195, 1196 
in phosphate rock, 362 
in silicate of soda, 448 
in silicates, 443 
in soap, 1600 
in sodium fluoride, 220 
in zinc puip, 598 

See alw under special subjects 
throughout text. 

Molylxlate method for lead, gravimetric, 
275a 

volumetric, 277b 

Molybdate magnesia method for phos¬ 
phorus in iron and steel, 1363 
Molybdenite, comparison with graphite, 
313 

Molybdenite, molybdenum in, 322 
Molybdenum, detection, general proced¬ 
ure, 313 

tests with sodium thiosulphate, sul¬ 
phur dioxide, disodium phos¬ 
phate, sulphuric acid, 313 
estimation, ^ncral procedures: 
gravimetric, load molybdate methwl, 
316 

mercurous nitrate, precipitation by, 
316 

molylxienum sulphide method, 317 
volumetric, iodomctric reduction 
method, 318 

determination in presence of vana¬ 
dium, 321, 591 

zinc reduction with Jones’ re- 
ductor, 319 
occurrence, 313 

preparation and solution of the sample 
ores, 314 

iron and steel, 314 
Be{>aration from iron, 314 
from alkalies, alkaline earths, bis¬ 
muth, cadmium, copper, lead, ar¬ 
senic, titanium, vamulium, tung¬ 
sten, phosphoric acid, 315 
ether extraction method, 315 
solubilities, 314 

Molybdenum in molybdenum concen¬ 
trates, 324 

in ores—^wulfenite, molybdenite, 3'22 
ores, analy. of, dct. As, Cu, P, 325 
Monazite, decomposition of, 522a 
Moody and Leyson sol. app., 1470 
Moiehead, J. M., analysis of industrial 
gases, 1227 

Morgan-Cahen-Little, arsenic det. in or¬ 
ganic matter, 36 
Morphine, det., 1737 
Morphine test for titanium, 5:18 
Morphine sulphate test fur fomuddehyde, 
1754 


Mortar, standard sand, water, (lercentage 
for (table), 1211 
Moynahan, A. E., on silver, 458 
Mulligw, J. J., on bismuth, 70 
Muriatic acid, analysis of, 1501 
Mustard oil, 1147, 1140 
Myrtle wax, 1150 

Narcotine, 1733 

Naphtha solvent of rubber, 1573 
Naphthalene in gas, 1262 
Naphthylamine acetate reagent, 1414 
National Brass and Copper Tube Co. 

method for brass analysis, 206 
National Ixiad Co. method (modified) 
for metallic lead analysis, 286 
Natural cement, U. S. Gov. specifications 
for fineness, 1198 

Natural gas, analysis of, 1274a- 
1274g 

Neat’s foot oil, constants, 1147, 1149 
Needle penetrometer, haidness test, 1214 
Neon in the atmosphere, 338 
Nephelometric method for silver, 463 
Ne^er jars for colorimetric titanium d(v 
termination, 548 

Nesslcr’s method for ammonia, 1413 
test for ammonia, 337 
New Jersey Zinc Co., on barium ores 
analy., 66 

analysis of barytes, 60 
zinc, 597 

Neuman lines, metallography, 1718 
Nowhall, C. A., on sulphur, 403, 517, 519 
Newton, method for titanium, .543 
New York State Board of Health tester 
for oil, 1109 

Now York-Liverpool test for alkalies, 
1.5.52-15.54 

Nickel, detection of, hydrogen sulphide 
test, 329 

aluminum in, 336d 

As, Sb, Cr, Si, Sn, W, Zn, etc., in, 
336c-336f 
bismuth in, 336c 

dimethylglyoxime and alpha Ixmzyldi- 
oxime tests, 329 
estimation, general procedures: 
gravimetric, alpha bcnzyldioxime 
method, 332 
Carnot’s method, 336b 
dimethylglyoxime method, 333 
electrolytic method, 335 
volumetric method of Purr and 
Lindgren, 336, i:)68e 
potassium cyamde method, 336a, 
336b 

estimation,' special procedures, nickel- 
plating solutions, 3:)6 
determination in alloys, .336, 1083, 
1094, 1106b 
in copper, 199, 202 
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Nickel in iron and steel, 1368d, 1368e 
in metallic lead, 290c 
lend in, 336d 

preparation and solution of the sample, 
general procedure for ores, 330 
metallic nickel and its alloys, 330 
separation from alkalies, alkaline earths, 
and members of the hydrogen 
sulphiite group, 331 
from aluminium, chromium, cobalt, 
iron, manganese, zinc, 331, 332 
solubilities, 3;i0 

Nickel-plating solution, determination of 
nicKcl in, 336 
Njcotinc, 171^ 

Niobium. See Columbium, .5.'>4 
Nitrate, standard solution of, 1110 
of soda, analysis of, moistuni, insoluble 
matter, sodium sulphate, iron and 
aluminum oxides, lime, magnesia, 
sodium cloride, c.arbon dioxide, 
349 

Nitrates in black powder, 1373 
in explosives, 1373, 1377 
in nitrite salt, detection of, 3.')9 
Nitrates, removal of, in sulphur determi¬ 
nation, 197 

Nitrates in water, 1116, 143:5 
Nitric acid, complete analysis of, ir)!)!)- 
1512 

conversion efficiency of Nllj conversion 
to, :561c 

determination of acidity, chloriia;, hy¬ 
drochloric acid, iodine, nitrous 
acid, sulphuric acid, 1.509-blPi 
Nitric acid, det., arsenic in, .50 

by ferrous sulphate methisl, 1512 
frc<>,. determination of, ref., 357 
etching acid, 1705 

in arsenic acid, ferrous sulpliatc 
method, 1516 
in hydrochloric acid, 1.501 
in commercial nitric acid, 1511 
in mixed acid, 311, 1.531 
in oleum, nitrometer methisl, :5.57 
in phosphoric .acid, ferrous sulphate 
method, 1.516 

in sulphuric acid, ferrous sulphate 
method, 1514, 1.528 
N/10 reagent for phosphate iletcr- 
miimtion, :568, 1.364 
specific gravity table, 663, 1517 
Nitric acid for etching, 1705 
Nitrite (see also Nitrous Acid), 3,58 
detection of, 359 
estimation, 358 

gravimetric—Buovold’s method, :i.58 
volumetric—))crm!m^matc method, 
3.58, 1.530 
tables, 1517 
Nitrite, in water, 1414 


Nitrocellulose, analysis of, 1399 
in explosives, 1388 
in gelatine dynamite, 1380 
Nitrochlorhydrin in e.X|>ln8ivc8, 1383 
Nitrocompounds, soparat. from nitro¬ 
glycerin, 1382 

Nitros'ulphuric acid method for silicon in 
steel, i:568a 

Nitrogen, detection of, combined as; 

ammonia, tests fur, 337 
Nitrogen, ammonia, Nessler’s test, 3157 
mtric acid, copixir test for, 338 
diphenylaminc test for, 338 
ferrous sulphate Usst for, 337 
phenolsul phonic acid test for, 338 
nitrous acid, acetic acid test for, 338 
permanganate test for, 338 
organic nitrogen, 337 
estimation, free, combined, and total 
nitrogen, :538 

combined nitrogen, methods for; 
ammonia, gravimetfic determina¬ 
tion of, 342 

combined and free, volume¬ 
tric determination, 343, 1412, 
1560 

traces, 34.5, 1413, 1414 
ammoniacai liquor, analysis of, de¬ 
termining carlxm dioxide, hy¬ 
drochloric acid, hydrogen sul¬ 
phide, sulphuric acid, am¬ 
monia, 344, 345 
nitrate of soda, 349 
nitrates, Devaraa method modified, 
:546 

as nitrate in water, 1415 
as nitric acid, gravimetric method 
as nitron nitrate, 345 
volumetric, 346 
ns nitrite in water, 1414 
as org.anic nitrogen in water, 1413 
nitrogen in fertilizers, 3:59 
in green pigments, 1196 
in organic matter, nitrates lieinf 
alisent, 340 

in or^nic matter in presence o 
nitrates, 341 
in rubber, 1593 
in soil extracts, 3,50 
in steel, 361a • 

Kjcldahl method, 3,39 
free nitrogen. 8ce Gas Analysis, 125 
per cent of, in air 338 
properties of, 1227f 
tetroxide in gas, 1270 
occurrence, 338 

preparation of the sample, ammoniui 
salts and mixtures, .341 
nitrates in soils, nitric acids at 
mixed acids, 341 

organic substances in presence 
absence of nitrates, 340, 341 
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iep^tions, ammonia, iaolation of, 341 
nitric acid, isolation of, 342 
removal of impurities, nitrous 
chromic, hyorobromic, hydri- 
odic acids, 342 
solubilities, 339 

special methods, nitrometer method for 
nitrates and nitrites, 353 
nitrometer of du Pont, 364 
nitric acid in oleum, 357 
Nitroglycerin, determination of, 1370 
dynamite, analysis of, 1374 
smokeless powders, 1407 
Nitropolyglycerin in explosives, 1383 
Nitrometer, 353, 354 
gas analysis. Fig. 160, 1276 
Nitron nitrate method for nitrie acid, 342, 
345 

Nitrosite method for rubber analy., 1568 
Nitroso-beta-naphthol, precipitation of co¬ 
balt with. 169 

Nitrous acid, oocomposing of iodides with, 
242 

and lower oxides in nitric acid, 1510 
in oleum and mixed acids, 1531 
gas, generation of, 94, 147 
permanranate method for, 358 
removal of, from nitric acid, 342 
oxide in gas, 1270 

Nitrostarch in explosives, 1388, 1390 
test for, 1385 

Nitrosuniirs in explosives, 1383 
Nitrotoluenos in dynamite, 1381 
Non-dmng oils, list of, 1149 
Normal consistency of cement, method of 
determination, 1206 
Normal solutions. See Reagents. 

Norton apparatus for carbon dot., 117 
Noye’s app. for det. solubility, 1471 

Occurrence. See under element in question. 
Odor test of water. 1411 
Offerman's method for fluorine, 218 
Ohm, definition of, 709 
Oils, fats, waxes, examination of unknown 
oil, 1108 

detection of oils in paint vehicles, 1164 
classified list, characteristics, and con¬ 
stants of oils (tables), 1152, 1154 
examination oft 
animal and vewtable oils, 1133 
general test for, 1133 
acetyl value, 1141 
antinuorescence, test for, 1141 
bromine number, 1139 
elaidin tost, 1135 
iodine number, 1136 
Hanus’s method, 1137 
Htlbl’s method, 1138 
in oxidirxid oils, 1139 
Maumcn5 test, 1135 
refractive index, 1134 


Oils—saponification value, 1140 

unsaponifiable oils, detection fit, 
1140b 

Valenta test for, 1134 
drying, semidmng and non-drying 
oils, 1149 

special tests for certain oils, 1141 
cottonseed oil,6ecki’s testfor, 1142 
Halpen’s test for, 1143 
drying on glass, 1144d 
free acid in, 1144c 
linseed oil, hexabromide test for, 
1143 

peanut oil, Renard’s test for, 1144a 
rapeseed oil, Bach’s test for, 
1144b 

rorin oil, Liebcrmann-Btorch test 
for, ll^b 

acsam4 oil, Baudoin’s or Ca- 
moin’s test, 1144b 
spontaneous combustion test, 
Mackey’s apparatus, 1144o 
titer test, 1145 
Villa Vecchia test, 1144b 
fats, edible, 1146 
butter, 1146 
lard, 1147 
hardened oils, 1147 
interpretation of tests, 1158-1160 
crude oils, gasoline, kerosene, lubri¬ 
cants, waxes, heavy oils and 
asphalts, shale oils, 1158-1160 
miscellaneous oils and lubricants, 1148 
paint oils (see under Paints and Paint 
Pigments), 1164 

Chinese wood oil, tung oil (sec sub¬ 
ject under Pwnts), 1169, 1171 
paint, acid number, heating test, iodine 
jelly test, iodine number, re¬ 
fractive index, saponification 
number, unsaponifiable mat¬ 
ter, specific gravity, standards 
of, 1169-1171 
petroleum products, 1109 
burning oils, 1109 
acidity, detection of, 1113 
color of, 1113 
distillation test, 1112e 
fire test, 1110 
flash test, 1109 
mineral salts in, 1113 
specific gravity, 1111 
sulphuric acid test, 1113 
sulphur determination in, 1112e 
water in, 1113 
lubricating oils, 1115 
oarlwn residue, test for in, 1122 
caoutchouc^ test for in, 1121 
evaporation test of, 1116 
fatty oils, test for in, 1121 
fire test of, 1120 
flash test of, lllSd 
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Petroleum friction test of, 1123 
gasoline test of, 1123 
gumming test of, 1121 
microscopical test of, 1123 
soap, detection of in, 1121 
spe^c gravity ot, hydrometer 
method, 1111 

W<atphal balance method, 
1111 

viscosity, 1115 

Bugler's viscosimeter, 1112- 
1112d 

Sajrbott visoosimeter, 1116 
Universal viscosimeter, 1116 
turpentine (see subjects under Paints), 
1173, 1174 

color, distillation, polymerization, 
refractive index, specific 
gravity, standards of, 1173, 
1174 

U. S. Government specifications for 
petroleum products, 1150-1151 
fuel oils, ^ascs, 1150a 

f ;n8oline, burning oils, 1150 
uhricatmg oils, 1150b, 1151 
varnish (see subject), 1174, 1176 
waxes, 1148 

Oil in black pigments, 1196 
in water, 1435, 1436 
Oils, reagents us^ in, 11.57a 
tables of characteristics and constants, 
fatty acids, 1150-1154 
mineim oils, properties of, 1148 
vegetable and animal oils, 11.52-11.54 
viscosity conversion tables, 11.56 
Saybolt, Engler, and Redwood 
times, 1156 
waxes, 1148 

Oil shale valuation, 1350 
Oleum, complete analysis of, 1529 
acidity, lower oxides, nitric acid, sul¬ 
phuric anhydride in, 1530 
table of equivalents, 1530 
Olsen, on analysis of alloys, 1071-1107 
test for fluonne, 213 
Optical pyrometer (Fig. 107), 1228 
Orange pigments, analysis of, 1198 
Ores. See under Preparation of Samples 
of Various Elements. 

Organic acids, analysis of, 1^ 

Organic mattM, arsenic det. in, 36, 51 
decomposition of, for determination 
of antimony in, 21 
for determining l:^um, 57 
boron, 83 
bromide, 93 

chlorine and halogens, 145 
Carius method for halogens 
in, 145 

lime method for halogens in, 
146 


Organic matter, sodium peroxide method 
for halogens in, 146 
fluorine, 214 
iodine, 237 

determination of carbon in organic 
matter, 110-121 
nitrogen, 339 

phosphorus in baking powder, 366 
potassium in soils, fertilizers, 
plants, 404 

organic matter in water, 1417, 1419 
Organicmatter,de8troyodbyperBulphate,36 
Or^nisms in water, classincation, 1443, 
1448 

identification of, 1449 
Orifice meter, 1236 
Osmium, detection of, 396 

by H,S, KOH, NH,OH, Zn, nxl. 
agts., KNO„ iNa.SO.,'! P, Hg, 
SnCIs, etc., estimation of, 397 
gravimetric determination df, 398 
occurrence, 396, 397 
preparation and solution of sample, 397 
properties, 396 
separations, 397 

Orsat apparatus (Fig. 120), modified 
(Fig. 131), 1241, 1267 
Ottawa sand, standard, 1211 
Oulman’s method for tartaric acid, 1.551 
Ovens, drying, 1018-1020 
Oweu-Bradlmry method for alkali car¬ 
bonates and hydrates in presence of 
each other, 15^ 

Oxalate method, separation of alkaline 
earths fnim the alkalies and mag¬ 
nesium, 59 

outline for separation of, 134 
Oxalic acid, determination of, 1549 
method for manganese, 307 
method for persulphates, .508 
Oxidation methods for det. iron, 261 
in platinum salts, 277 
test for methyl alcohol, 1753 
test for vanadium, 583 
Oxide, determination of, aluminum, 7 
bismuth, 74 
cobalt, 167, 171 
cobalt, 169 

copper, 179, 192 . 

chromium, 159 

iron, 246, 247 

lead, 275b 

manganese, 301 

tantmum and columbium, 677 

thorium, 524 

tin, 531 

titanium, 542 

tungsten, 5.58 

uranium, 581a 

vanadium, 587 

zinc, 599 

zirconium, 618 
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Oxidized oito, iodine number of, 1130,1139 
Oxygen, determination of, see Gaa, 

Oxygen, properties of, r227d 
Oxygen consumed in water (organic mat¬ 
ter in), 1417 . , , 

Oxygen cylinders, illustrating method of 
connecting, 1224 

determination of, in air, absorption with 
phosphorus, 1246 
potassium pyrogallate, 1247 
sodium pyrogalmte (note), 1240 
in copper, 204 

in gas, 338, 1244, 1246,1247, 1248 
in steel, 1368i 
dissolved in water, 1436 
explosion with hydrogen, 1247 
Paints and Paint Vehicles, analysis of 
(see Outline in Table of Contents), 
1101 

pigments, classiBcation of, 1176 
black pigments, analysis of, 1199 
blue pigments, analysis of, 1196 
Prussian blue, Cniiicse blue, Ant¬ 
werp blue, 1197 
sublimed blue lead, 1197 
ultramarine blue, 1196 
green pigments, analysis of, 1198 
chrome green, 1198 
red and brown pigments, 1190 
iron oxides, 1190 

red load, orange mineral, 290f, 1190 
Vermillion, 1195 

yellow and orange pigments, chrome 
yellow, American vermillion, ba¬ 
sic load chromate, 1198 
white pigments, 1176 
baryt^ and blanc fixe, 1188 
composite white paint, 1189 
corroded white load, 1181 
litho|X)no, 1186 

silica, silex, China clay, asbestine, 
1187 

sublimed white lead, 1188 
tttanox, analysis of, 1190, 1192 
whiting. Pans white, 1188 
zinc lead and leaded zinc, 1182 
zinc oxide, 1183 
vehicles, 1162 
liquid, pemontage of, 1162 
oils, detection of, iodine number, 1164 
Chinese wood oil, or tung oil (see 
under Oils, Fats, Waxes), 1169, 
1170 

constants for various oils, 615, 
1171, 1172 

other materials, 1175 
separation of components, 1163 
Tosinates, detection of, 1164 
turpentine, examination of (sec de¬ 
tails under Turpentine), 1172 
varnish, examination of, 1173-1173 
Paints in bituminous sub., 1346 


PaUadium—detection of, 382 
alk., NH 40 H, SO,, CuCl, Hg(CN),, KI, 
H,S, KNO„ FeSOn NH,C1, Sn, 
Cl,, red. a^., etc., estimation, 
382-383 

estimation in gold bar, 385 
in refined gwd, 385, 387 
in copper flimes, 386 
in silver, 386 

gravimetric methods, 384, 488 
preparation and solution of sample, 383 
properties of, 382 , , , 

separation from platinum and iridium, 
383 

silver, gold, platinum, 383 
Palladous cnlondo reagent, 1191 
iodide, method tor determining iodine, 
239 , 

Palmer, L. A., on fire assay of gold and 
silver, 466 

Palmer and Sciliert, modified Gutzeit 
method for arsenic, 46 
Paper making materials, analysis of, 1773- 
17 ^ 

aluminum sulphate, analysis of, 1773 
determination, Al,(),, Fe,0,, Fe, 

50., HjSO,, KF, insol. 
sampling of, 1773 

bleaching powder, analysis of, 1779 
determination of avail. Cl, total Cl, 
CIO,, bases, CaO, sand, grit, 

510., wood, etc. 
quality test, 1780 
sampling, 1779 

caustic soMi, 1783 
alkalinity, sampling of, 1783 
lime, 1784 

determination of, causticizing pow¬ 
er, impurities, lime, magnesia, 
moisture 

rapid methods for lime, free CaO, 
CaCOi, moisture, 1785 
sampling, 1784 
rosin, 1773 

detennination of acid number, 
ester, ash, dirt and foreign 
matter, grade, saponification 
n., sizing, unsapomfiablo mat¬ 
ter, 1775 
sampling, 1775 
rosin size, 1776 

alkali, free and combined, msol., 
moisture, rosin, 1776-1777 
sampling, 1776 

rosin, rapid methods, rosin, size, etc., 
1778 

soda ash, 1783 

alkalinity, moisture, sampling 
starch and starch products, 1781 _ 
determination of acidity, alkalinity, 
alkali, moisture, viscosity, etc., 
1781 
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Paper making, starches, converted, 1782 
acidity, alkalinity, added ma¬ 
terial, ash, moisture, etc., 1782 
sulphuric acid, 1783 
determination of acidity, iron, sedi¬ 
ment, sp. gr., etc., 1783 
Paraffin hydrocarbons in gas, 1288h 
Paris white, paint pigment, 1188 
Parr, S. W., analysis of fuels, 1634-1682 
and Lindgren’s method for nickel, 236 
calorimeter, 1634 

Pairodi-Mascazsini electrolytic method 
for antimony, modified, 24 
Parsons and Barnes' method for gliiciiiuin, 
69a 

Patterson, det. of manganese, 301 
Peanut oil (see under Oils, Fats, Waxes), 
1138 

Pochard's process for separating molyli- 
denum from tungsten, 559 
Pciouze, traces of lead, 281 
Penfield's method for CDs, 109 
Penski-Martins closed flash point tost, 1314 
Perborate method for cobalt dot., 175 
Percarbonate, determin. of, 126 
Perchlorate, detection of, 143 
determination of, 152 
method for determining potassium, 412 
Perchlorates in explosives, 1388 
Perchloric acid, determination of, 1.52 
in presence of hydrochloric acid 
and chloric acid, 1.53 
Perchloric acid method for fluorine distill., 
215 

Pcrio<lates, determination of, 244 
and iodates, determination of, in a 
mixture, 244 

Permanent standards for ammonia deter¬ 
mination in water, 1415 
Permanganate method for det. copp<!r, 19.5 
for det. nitrites, 3.58 
for det. oxalic acid, 1.549 
for det. peroxides, 1491 
Pennanganate N/10 reagent, 255, 1360 
test for nitrite, 138 
titration of, antimony, 28a 
barium, 65 
bismuth, 76 
calcium, 17d, 108,1425 
chromium, 161 
formic acid, 1542 
gold, 231 

iron, 17, 18, 256, 257, 257b, 374, 610, 
1207, 1423 
lead, 277 

manganese, 204, 302, 304, 1426 
moljtedenum, 319, 320 
nitrous oxides, 1511, lfn.6,*1.530 
peroxide, 1762 
phosphorus, 265, 369 
solution standard, 369, 1360 
tannic acid, 1760 


Permanganate, titration of, titanium, 544, 
544a 

uranium, 581 
vanadium, 589, 591, .595 
water for oxygen consumed, 1417 
Permissible explosives, analy. of, 1384 
qualitative tests for, 13^ 

Peroxide bomb, 1637 
determination of, 1755 
method for chromium, 157 
formaldehyde, 1754 
lead as, 275h 
titanium, 545, 548 
Persulphate alkali titration, 508 
Persulphate of ammonium method for 
manganese, 266, 305 

Persulphate method for manganese in 
bronze, 1196 

Peraulphatcs, ferrous sulphate, method for 
determining, 508 

oxalic acid method for dAonnining, 
508 

Petroleum naphtha solubility test, 1319 
Petot formula! for det. velocity of gases, 
707, 12.35 

Petroleum products (sec under Oils, Fate, 
Waxes), 1109 

iH hydroKn ion concentration, 1430,1457 
’henacetolin indicator, 745 
Phcnolphthalein indicator, 12, 745 
preparation of, 12, 11.52 
uses of, 1491, 149'i 

Phcnolsulphonic acid method for nitrates 
in water, 1433 
reagent, 1433 
Phenyl, determn. of, 1,549 
Phenylhydrazine method for aluminum in 
prosence of iron in titaniferous oroa, 
5.52 

acidate test for gold, 229 
Phloroglucid method for furfurol in 
acetic acid^ 1.546 
Phosphate baking ])owdcr, 365 
effect on alkaline earth determinations, 
.57 

Phosphate rock, decomposition of, 364 
analysis of, 371 
Phosphates in soap, 1606 
Phosphates in water, 1424 > 
and phosphoric acid, arsenic in, .50 
typical analyses of, 363 
Phosphomolybdate method for vanadium, 
5661) 

Phosphoric acid and its salts, analysis of, 
1521 

free, vol. det. of, 375 

Phosphoric acid, effect on aluminum de¬ 
termination, 8 
in phosphate rock, 372 
removal of, from aluminum solutions, 
6 

tables, 667, 1523 
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Fhosphorua, detection of hydrophoephor- 
ouB acid, 362 
metaphoephoric acid, 362 
orthophoephoric acid, 362 
phoephorua acid, 362 
pyrophoephoric acid, 362 
estimation, methods of procedure, gen¬ 
eral, 363 

gravimetric, direct precipitation of 
ammonium ma^esium phos¬ 
phate, 376 

as n^^nesium pyrophosphate, 367, 

as phosphomolybdate, 366 
volumetric methods, alkali titration 
of phosphomolybdate, 388, 1364 
permanganate titration of reduced 
phosphate, 368b 

estimation, s[mial methods, determina¬ 
tion of, in iron and steel, 268, 

• 364 

|n alloys, 1059, 1063, 1078, 1084 
in alloy stool, 1365 
in cast iron, 370a 
in copper alloys, 368a . 

|n ferrosilicon, 370 
in ferrotitanium, 370 
in gun metal, 1060 
|n steel, 258, 368a. 1363-1.365 
in tungsten alloys, 570 
in tungsten ores, 504 
in vani^ium steels, 370b, 1365 
occurrence, 363 

prciiaration of the sample, iron ores, 
phosphate rock, minerals, titanium- 
bcanng ores, iron and steel, soluble 
phosphates, baking powder, 365 
separation of phosphorus as ammo¬ 
nium phosphomolybdate, 365 
Phosphorus method for det. oxygen in 
gas, 1246 

pentoxide absorption bulb for moisture 
in gases (Fig. 134), 1276 
Photometry, definitions, 708 
Physical tots of water, 1410 
Picric acid-alcohol for etching, 1705 
Picric acid, examination of, 1392 
Pig iron, arsenic in, 37 
Pig lead, analysis of, 286 
Pigments with titanic oxide. .553 
Pigments of paint (see under Paint and 
Paint Pigments), 1176 
Pipettes for gas analysis, 1237 
standard, 1690 

Pisani’s method for silve^ 463 
Pitch. See Bituminous Substances. 

Pitch and bitumen in rubber, 1570 
carbon in coal tar, 1358 
Pitman on du Pont nitrometer (ref.), 354 
Pitot tube (Fig. 113), 1234 
Plaster of Paris, 105 
Platinum, care of, 723 


Platittuiii, detection of, 376 
by KI. HiS, NHiCl, KCl, FeSOi, SnCl,, 
NaOH, red. agts., etc., 376 
estimation of, 377 

gravimetric methods for--a8 met. Pt. 
380,488 

as ammonium salt, 381 
electrolytic method, 381 
occurrence, 377 
ores, assay of, 399 

preparation and solution of the sample, 
ores, 378 

platinum scrap, 378 
small amounts of platinum in presence 
of large amounts of iron, mag¬ 
nesia, etc., 378 
properties of, 376 
separation from gold, 379 
from iridium, 379 
from osmium, 38» 
from palladium, 379 
from rhodium, 380 
from ruthenium, 380 
table of, 387b 

solubility of the element, 377 
reactions, table of, 400 
special methods, platinum ores, 381 
assay methods for platinum ores, 
399 


substances examined for platinum, 377 
Platinum metal group, 382 
Platinum and palladium in gold bar (rc- 
• fined), 385, 387 
in copper anode slimes, 380 
in silver (refined), 386 
wire, turbidity det. in water, 1410 
Poisons, detection and estimation, 1723- 
1742 


classification of, 1724 
general procedure, 1724 
preparation of sample, 1723 
Poisons, alkaloids, glucosides, etc., 1731 
acetonilid, 17^ 

bichromate-sulphuric a. pbenyliso- 
cyonide tots, 1732 
atropine, 1735 

ph^ological, vitalis tots, 1735 
brucine, detection, 1734 
cocain, detection, 1736 
codein, 1736 

formaldehyde, Froehde, Marme’s 
reagt., nitric a. tots, 1736 
morplune, 1737 

ferric chloride, Froehde, fonnaldc- 
hyde, iodic, Marme, nitric a. 
tots, 1737 
narcotine, 1736 

dil.* sulphuric, Froehde, selenous- 
H 10 O 4 , sod. carb. tests, 1736- 
1737 

nicotine, detection, 1733 
opium, detection, 1738 
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Poboiu, strychnine, 1734 

bichromate, Bloxom’s, suiphocya- 
nate trats, 1734 

veronal, purification and detection, 
ir32 

carbolic acid. Millon’s test, FcCls, 
bromine, hypochlorite, nitnte t<»te, 
1730 

carbon monoxide in air, 1740 
in bloM, 1741 

chloral hydrate, detect, decomp., 1730 
chloroform, 1728 

Nicoloux’s t., phenylisocyanidc, 
Schwara’s resorcinol testa, 1728 
ethyl alcohol, 1728 
chromic a., ethyl acetate, Lieben’s 
iodoform, vitalis tests, 1728 
hydrocyanic acid, 1725 
estimation, 1727 

testa—Prussian blue, Schonlsiin- 
Pamnstecher, sdver nitrate 
and cyanide, sulphocyanate 
tests, 1726 

metallic poisons, 1739 
arsenic, 1740 

methyl alcohol (wood alcohol), 1728 
ptomaines, 1738 
rei^nts, Frochde’s, 1741 
irao-potossium iodide, 1741 
Marme’s, 1741 
Mayer’s, 1742 
Millon’s, 1741 
selenious-sulphuric, 1741 
Plumba^p. See Graphite. 

Polsrmenaation in analysis of turpentine, 

1173 . , 

Polymerised oils and resins, separation of, 

1174 

Portland cement, analysis of, 1216, 1219 
rapid method of analysis, 1220 
U. S. Gov. specifications for fineness, 
1205 

Potash, 1576, 1579 
Potassium, detection of, 402 
estimation, ^nerai procedures: 
gravimetric, chlor-platinate method, 
410 

modified, 411 
indirect method, 413 
Lindo-Gladding method, 412 
perchlorate method, 412 
special methods, alkali determination 
in silicates, J. Lawrence Simth 
method, 416 

lithium, potassium and sodium in 
presence of one another, 416 
magnesium, potassium and sodium 
in presence of, 418 ' 
preparation of the sample, fertilisers, 
soils, plant ash, saline residues, 
soluble salts, rocks and insfduble 
mineral products, 404, 405 


Potassium, separation from hydrogen wl- 
phide and ammonium sulphide 
- groups, 405 

alkali metals from one anothw, 408 
from aluminum, chromium, iron, ba¬ 
rium, calcium, strontium, phos- 
phonc and sulphuric acids, etc., 
m one operation, 407 
from aluminum, chromium, iron, 
titanium, uranium, phosphoric 
acid, 406 

from barium, calcium, strontium, 406 
from lioric acid, 407 
from magnesium, ammonium phos- 
p^te method, 408 
liarium hydroxide method, 407 
mercuric oxide method, 407 
from sodium and lithium, 408 
from sulphates, 406 

Potassium antimonyl tartrate standard 
solution, 29 * 

bromate solution N/10, 26 
method for antimony, 26 
bromide, crude, analy^ of, 96 
Potassium and sodium carbonates and 
hydrates, in presence of one an¬ 
other, determination of, 
acid sulphate (bisulphate), fusion with, 
248, 330 

fusion of monasite, 522 
carbonate, fusion with, 248 
chloride t<«t for platinum, 376 
test for iridium, 377 
cyanide method for copper, 194 
cyanide method for nickel, 336a 
dichromate method for iron, 253 
0.1 N solution, 253, 734 
ethyl xanthate method for small 
amounts of copper, 197 
ferricyanide test for ferrous iron, 246 
ferrocyanide reagent, 600, 602, 604 
test for ferric iron, 246 
fluoride method for alumina in alumi¬ 
num salts, 12 
reagent. 12 

Potassium hydroxide, alcoholic ext. of 
rubtxr, 1578 
analysis of, 1553 
hydroxide test for iron, 246 
test for rhodium, 390 
test for ruthenium, 387 
Potassium iodate det. of arsenic, 44 
Potassium iodide starch test for nitro¬ 
cellulose, 1401 

iodide method for antimony, 27 
iodide method for bismuth, 78 
iodide method for chromium, 161 
iodide method for cornier, 193, 193b 
iodide method for lead, 278 
for selenium, 436 
test for pdiadium, 382 
for platinum, 376 
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Potasgium nitrite method for cobalt, 169 
standard solution, 346 
test for cobalt, 166 
for palladium, 385 
for rhodium, 393 

permanganate. See Permanganate 
methM for phosphorus, 369 
N/10 solution, 369, 737, 1360 
reagent oxygen consumed in water, 
1417 

pyrogallate, det. oxygen with, 1247 
reagent for gas analysis, 1279 

sodium and magnesium, determination 
of, in presence of one another, 
413 

sulphate, estimation of potassium as, 
410 

sulphocyanate teat for cobalt, 166 
for iron, 246 

Powder—explosive. See Explosives. 
Powell arftt Schoeller on cerium, indium, 
scandiiun, thallium, etc., 133, 139 
Pras^ymium, 133 

Precipitation apparatus for sulphur de¬ 
termination (Figs. 61, 62), 497 
Preliminary teste for alkaline earths, 
58 

Preparation and solution of the sample. 

See chapter on element in question. 
Preservatives in butter, 1144 
Price and Olsen, chapter on alloys, 1036- 
1107 

Primers, table of, 1398 
Priming of water, 1441b 
Pringsheim’s method for halogens in 
ormnic matter, 146 
Prister's method for gold, 233 
Producer and fuel gases, 1230a, 1255 
composition of, i230a 
Proof gold, preparation of, 234 
Properties of compounds. Part II table, 
683 

of elements and compounds. Sec chap¬ 
ter of element in question. 

Protein in rubber, 1567 
Prussian blue, 1197 
Ptomaines, 1738 
Pulp, sine, moisture in, 598 
Pumps, suctisn, 1232 
Pycnometer, sp. gr. bitumin. sub., 1296 
sp. gr. det., 1493, 1494 
Pyridme in ammonium nitrate, 360 
Pyrite ores, 105, 178, 272, 296, 445 
Pyrogallate dt potassium, reagent, 1279 
Pyrophosphate method for cobalt, 174 
for thorium, 623 

Pyrophosphorio acid, test for, 362 


Qualitative tests, tables of, 625-654 
Q^rtering coal (F^. 103), 1617 


Radiation, correction for, 1652 


Sadinm, detection, 420 
estimation, 420 
alpha ray method, 421 
emanation method, 421 
table, 4^ 

Rammelsberg method for., determining 
lithium, 415 
Rapeseed oil, 1139 

Rapid method for cement analysis, 1220 
Rapid methods for copper (electrolytic 
determination), 187 
Rare earths, detection of, 133 

estimation, ^vimetric, 134, 137 
occurrence of, 133- 
preparation of the sample, 134 
separation, 134 

from iron, aluminum, thorium, 134 
from other elements, 134, .135 
Rarer elements of the allied platinum 
metals, 389 

Raschig’s method for det. hydroxylamine, 
352 

method for sulphur, 507 
Reactions, tables of, 632, 653 
Reagents: Sec also chapter on, Vol. 1, 
725-746 

acetaldehyde, 1745 
acetic acid, 726 
acetic anhydride, 1755 
acid mixture for silica determination in 
aluminum, 16 
alcohol, 726 

alcohol for oil analysis, 1151 
aldehyde free, 1745 

alizarine S for aluminum det., 14, 
726 

alkaline potassium permanganate for 
det. of albuminoid ammonia, 1413 
tartrate solution, lead det., 282 
alpha-benzyldioxime, nickel det., 346 
amino-nitrosophenyl-hydroxylamino sol. 
for det. iron, 250 

ammonium acetate, lead extraction, 280, 
726 

ammonium carbonate, 726 
ammonium chloride solution for det. of 
ammonia in water, 726, 1412 
citrate solution, lead det., 282 
molybdate solution, vol. det. of lead, 
277,726 

det. of phosphorus, 365, 726 
of phosphorus in water, 1424 
oxalate solution, oxygen consumed 
in water analysis, 1417 
persulphate for manganese det., 266 
phosphate, 727 
sulphide, .727 

sulphocyanate sol., colorimetric 
method for iron, 610 
antimonyl chloride solution, 25, 47 
antimony det. sols., 30, 727 
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Batganti, anenite, N/10 aoiubon, 28, 240, 
* 727, 13M 

sneaous acid solution, det. manganese, 
. 306 

iiSotitmin solution 1458 
' i batiuin cl)loride, 'W 
MRiun h^roxide, 1357 
Aiudisoh's reagent for det. iron, 2!H0 
benzidiiie hydrochloride for det. sul- 
phatas, 607, 728,1427 
benzyldioxime, alpha, ?28 
. benzoic acid standard, acicUractry and 
-. alkalimetry, 1008 

, bismuth standard solution for det. bis- 
- 'muth, 77,78 

bismuthate (rf sodium for det. man- 
' , , ganese, 301 

, brilliant-green lactose-peptone bile, 1400 
' ' bromine-potassium-bronude sol. for oxi¬ 
dizing sulphides, 468 
bromine, 1151 

cadmium chloride sol. cvoilution method 
for sulphur, 345 

calcium chloride sol., dot. hardness in 
water,. 1434 
calcium hydroxide, 728 
carbon dioxide, preparation, acidimetry 
and alkalimetry, 1008 
chlorine water standard solution for 
det. bromine, 95 

■ chromic acid for act. SOj in gas, 1207 
citric acid, solution for calcium det., 106 
•cinchonine potassium iodide, colori¬ 
metric det. of bismuth, 77, 78 , 
j det. tungsten, 497, 509 
' re^. for tungsten det., 560, 728 
cochineal indicator, 744 
color solution for det. traces of lead, 282 
color solution permanent standard for 
det. nitrites in water, 545 
for det. fluorine, 220 
copper standard solution, copper analy- 
sU, 165, 186, 193, 197, 198 
copper sulphate standard solution, det. 

hydrocyanic acid, 131j 729 
cupferron reagent for det. iron, 2.50 
cupric potassium chloride for separation 
of carbon from steel. 111 
cuprous chloride, acid, for det. CO in 
gas, 1268 ‘ 

ammoniacalfordet. CO ingas,729,1278 
Devarda alloy for reduction of nitrates, 
346, 730 

dichromate of potassium N/10 and N/5 
solutions for iron det., 252,734-736 
dimethylglyoxime reagents for nickel 
det., 333, 730 

diphenylcarbazide for chromium det., 
132, 730 

reducing mixture for sulphates, evo¬ 
lution method, 502 
Endow's medium, 1459 


Rcagei^ etching steel for metallog. ex., 

Fchling’s solution, 730, 1159 
ferric ammonium sulphate, for titanium 
det., 544 

ferric chloride solution for det. tin, 
.536,730 

chloride solution for det. tin, 586 
indicator for det, chronmtes, 149 
in Volhard’s method for silver, 442 
nitrate solution for zinc analysis, 602 
ferricyanide of potassimn indicator for 
iron titration, 253 

fcrrocyanide of potassium standard so¬ 
lution, zinc analysis, 600, 002, 604, 
606b 

ferrous ammonium sulphate for iron in 
water, 731, 1423, 
for decomposition of sulwtances, 
1033-1035 

for glycerol dot., 1758 
for manganese in steel, 1300 
for oil analysis, 1157a 
ferrous sulphate for nitric acid test, 
;«7, 731 

N/10 sol., for det. barium, 65 
reagent for manganese det., 301 
for det. nitric acid, ISb 
fluorine, standard solution fur fluorine 
det., 220 

fuchsin-sulphitc, 1745 
fuming sulphuric acid, 1278 
gas analysis reagents, list of, 1278 
glacial acetic acid. Sec Oils, Kata, 
Waxes. Reagents, 1151 
glycerol, det. boric acid, 87 
Hesse’s agar, 1460 

hydrochloric acid, preparation of ai^ 
scnic, free, 49 , 

hydrochloric acid, standard sol., 1495 
0.1 N. 731 1357, 1495 
for oil analysis N/2, 731, 1152 
hydrogen, 730 

hydrogen peroxide for titanium det., 
.546, 731 

for gas analysis, 1278 
for water analysis, 1426 
hydrogen sulphide, 732 ^ 
iodate N/10 solution for det. iixlinc, 
242 

iodide sol. for det. oxygen in water, 1432 
iodine N/10 reagent, i®, 731 
for oil analysis, 1152 
solution for det. tin, 633 
iodo-potassium iodide, 1741 
iron standard solution for standardiza¬ 
tion of stannous chloride reagent, 
257, 258, 730 

for col. method of iron in spelter, 

• 611 

iron in water, 1423 

lead acetate cotton, antimony det., 30 





Reagmta, lead ^tate for molybdenum 
det., 316 

reagent for oil analysis, 1152 
acid solution, zinc analysis, 610 
standard solution for col. dot. of 
lead, 282, 733 
_ Bubacetate, 1768 
litmus indicator, 744 
litmus-lactose agar, 1459 
magnesia mixture for det. of phos¬ 
phorus, 328, 367, 733 
manranous sulphate solution for det. 

dissolved oxygen in water, 1431 
mannitol, boric acid det., 87 
Marme’s reagt., 1741 
Mayer’s reagt., 1742 
mercuric chloride teat paper for anti¬ 
mony det., 30, 733 
for arsenic dot., 47 
mercury for gas burettes, 1267,1279 
methvl orange indicator, 26, 347, 744 
red incUcator, 347, 744 
methyl violet tost paper, 1403 
Millon’s reagt., 1741 
naphthylanune acetate solution for dot. 

nitrites in water, 1414 
Kessler’s solution, ammonia det. in 
water, 1412 

nitrate standard solution, 734, 1416 
nitric acid, N/10 solution, 368 
nitric acid, pure, 149 
nitrosulphonic acid for elaidin test of 
oils, 1152 

nitrous acid solution for decomposing 
iodides, 242 
nutrient agar, 1458 
nutrient brotn, 1457 
nutrient gelatin, 1458 
oils, fats, and waxes, list of reagents for 
examination of, 1157 
oxalic acid, 734 
palladous chloride, 734 
paraffin, 734 

permanganate solution for manganese 
det., 301, 307, 1300 
N/10 solution for dot. of iron, 255, 
737 

solution for det. of oxygen consumed 
in watfer, 1417 

peroxide solution for det. titanium, 548, 
734 

phenolphthalein indicator, 12, 745, 1152 
phenolsulphonic acid for det. of nitrates 
in water, 1415 

phosphate s^dard solution for phos¬ 
phates in water, 1424 
potassium antimonyl tartrate solution 
for det. antimonjr, 29 
bromate N/10 solution antimony det., 
26 

chromate indicator, 1417 
cyanide solution for copper det., 194 


Reagents, dichromate reagent for iron det., 
253, 734-736 

ethyl xanthate for det. copper, 197 
ferrioyanide indicator for iron det., 
253, 736 

ferrocyanide for det. copper, 186 
for zinc det., 602, 736 
fluoride for free acid in aluminum 
salts, 12, 736 

hydroxide for carbon det., 737 
hydroxide for oil analysis, 1152 
i(^de for det. bismuth, 78 
nitrate standard, 346, 737 
permanganate N/10 sol., 264, 369,737 
proof gold, preparation of, 234 
pyrog[allate of potassium for oxygen 
det. in gas, 739, 1279 
reducing agents, 70, 152, 156, 177, 251, 
261, m, 421 
rosalic acid indicator, 744 
Henard-Tolman t^t for oil, 1144a 
Russell’s m^a, 1460, 1468 
salicylic acid reagent for traces of iron 
det., 259 

salt solution for chlorine det. in water, 
739.1417 

Schiff’s fuchsin bisulphite, 739 
selenious—H^SOj, 1741 
silver carbonate, 1758 
silver nitrate, N/10 solution, 149, 160, 
740 

solution for det. chlorine in water, 
1417 

silver nitrite, alkaline, 1746 
preparation of the pure metal, 448« 
standard solution, 442 
soap standard solution for det. hardness 
in water, 1434 

sodiiun arsenite. See Arsenous Acid, 
bismuthate for det. manganese, 17c, 
301, 740 

carbonate standard solution for (X)s 
det. in water, 1429 
prep^tion of pure salt, 1493 
hydroxide N/10 solution, 368, 741, 
1357, 1364 

for Devarda method, 347 
or potassium hydroxide reagents, 
water analysis, 1416 
metabisulphite, method of produc¬ 
tion, 285 

nitrite solution, nitrite det. in water, 
1414 

hydroxide, det. nitrates in water, 1416 
sulphide. 741 
thiosulphate, 741 

stains, standard (colored plate), 46 
antimony^det., 31 
arsenic det., 47 
sulphur det., 620 

stannous chloride solution for det. 
ferric iron, 263, 257, 743 
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Reagentg, starch solution, 241, .501, 743, 
1152, 1279, 1432 

steel analysis rea^nts. See chapter on. 
subacetato of lead, 1758 
Bulphanilic acid solution for det. nitrites 
in water, 1414 

sulphocyanate for colorimetric det. of 
iron, 258, 611 

sulphuric acid standard solution, 1495 
for ammonia det., 346 
tannin indicator, Alexander’s molyl)- 
date method for lead, 277 
tartrate, alkaline solution of, for det. 

traces of lead, 282, 743 
test reagts. for linseed oil, 1167 
thiocyanate of ammonium or potassium 
N/10 solution, 149 

thiosulphate of sodium for det. of coi>- 
per, 208 

N/lOO solution, water analysis, 1432 
for pot. iodide method for copper, 
193 195 

N/IO solution, 240, 742, 1152, 1279 
reagent for le^ det., 278a 
thymol solution for titanium det., 551 
tin, standard solution of, 533 
titanium, standard solution of, for 
fluorine det., 220 
for titanium det., 546, 548 
turmeric indicator, 745 
Wagner’s solution, calcium det., 106 
Red lead, lead peroxide in, 290f 
determination of, 290d 
method for manganese, 266 
Red pi^ents, 290(1, 1176, 1190, 1196 
■eduction of iron compounds, method 
for, 251 

method for nitrates, .341, 346 
Reductor, Jones, 256, 319, 320 
Redwixid, viscosity of oils (note), 1115 
References, list of, 747 
Refineries, Se and Te det., 439 
Refractive index, 1134 
animal and vegetable oils, 1125 
Chinese woixl oil, 1169 
turpentine, 1173 

Refractory materials, decomposition for 
chromium determination, 157, 257a, 
1032 

Refractometer, Abb5, 1125 
Refractory ores, decomposition of, 257a 
Reich method for 80i in gas, apparatus 
for (%. 130), 1265 

Reichert-Meissl number, butter fat, 1143 
Renard’s test for peanut oil, 1144a 
Residue, total sohd, in water, 1419 
Resinatw in paint vehicles, 1163 
Resins and polymerised oils, separation 
of, 1175 

Resins in explosives, 1377 
in rubber, 1567,1582 
Reverberatory slag an|ly8iB, 1610 


Rhodium—detection of, 393 

by fUS, KOH, NH,OH, KNO,, Zn, 
red. agts. 
estimation, 3^ 
gravimetric methods, 395b 
preparation and sol. of sample, 304 
separation from iridium, 394 
palladium, platinum and ruthenium, 
395 

Richard’s jet pump (Fig. 109), 1232 
Riche and Bardy methixi for det. methyl 
alcohol, 17^ 

Riokett’s overflow pipette, 444 
Hichld automatic cement-testing machine 
(Fig. 107), 1215 
Riffle, sampling of copper, 190 
Ring and ball method, fusing point, 1.308 
Roark and McDonnell, arsenic separation, 
37 • 

Robert’s analysis for copper and load, 207 
Robert’s L. D. Radium chapter, 419^-429 
Robin’s test for lioron, 87 . 

Rock, phosphate, analrais of, 2.55 
Roofings, exam, of, 1339 
Rosalie acid, 745 

Roscoe’s lead acetate method for vana¬ 
dium, 588 

Rose’s method for determining bismuth, 
76 

mercurous nitrate method for vana¬ 
dium, 587 

Roscnbladt and Gooch, method for boron, 
84 

Rosenstein’s method for sulphur in nili- 
ber, 1.581 

Rosin in rubber, 1.564, 1.567 
in paper making materials, 1773, 1776, 
1778 

in soap, 1602 

oil (see subject under Oils, Fats, Waxes), 
1139 

Rotameter (Fig. 114), 11^.5 
Rowell’s methM for antimony, 25 
Rubber, analysis, 156.3-1597 
acetone extraction of, 1.576, 158.5, 1.587 
acidity in, 1570 

alcoholic KOH extraction of, 1.578,1585, 
1588 

analysis of, 1563,1587 >. 

Alexander’s methcxl, 1568 
Budde’s method, 1568 
Henrique’s method, 1582 
.Spence’s method, 1567 
antimony and mercury in, 1572, 1581, 
1591, 1592 

barium carbonate in, 1595 
bmium sulphate in,_ 1591 
bitumen and pitch in, 1570 
calculations, 1596-1597 
carbon in, 1580, 1592 
cellulose in, 1595 
chloroform extract of, 1585, 1588 



42 


INDEX 


Rubber, commercial evaluation of, 1564 
compounding materials in, 1571 
constituent, essential of, blO,? 
crude, analysis of, 1565 
estimation—Hubner’s method, 1580 
of raw rubber, 1564 
fillers—organic in, 1569 
glue in, 1593 

f utta i^rcha and balata, 1584 
ydrocorboDs in, 1594 
mechanical goods, 1582 
mineral matter in, 1579 
nitrogen in, 1593 

outline table of analysis, 1577, 1583 
oxidation method, vulc. rub., 1.578 
preparation of sample, 1,586 
protein in, 1567 
reagents, 1586 
rosm in, 1564, 1567 
rubber dot., 1.5a5, 1.594, 1.597 
saponifiable matter in, 1569 
solutions, nnaly. of, 1580 
solvents, examination, 1573 
specific gravity of, 1.5/4, 1587 
sulphur free and combined in, 1.569, 
1585, 1.588 
tackiness in, 1.564 
unsaponifiable matter in, 1.593 
vulcanized, examination of, 1575, 1.576 
waste and reclaim, analy. of, 1570 
wet metho/ls of analysU, 1.597a 
Rubber goods, antimony in, 21, 1581,1.591 
Rubidium, detection of, 402 
separations, 408 

Rudorff’s apparatus for carbon dioxide in 
gas (Pig. 128), 1263 
Ruthenium, detection of, 300b 

by KOH, HA (NHOA Zn, KCNS, 
AgN0„ HgNO,, ZnCl,, KI. 
estimation, 390 
gravimetric methods, 392 
separations from iridium and plati¬ 
num, 391 

from rhodium, 392 

Saint Semin’s method for calcium, 108d 
Salas, L. E., on rubber analysis, 1563-1.581 
tin, presence of, in silver det., 446 
l^icyhc acid method for small amounts 
of iron, 262 
test for iron, 246 

Saline residues, preparation of, for alkali 
det., 405 

Salt, standard solution, 1417 
analysis of table, 4l9 
Sampling—general methods of, 1003-1031 
Introduction, 1(X)3 
Gases—apparatus, 1027 
general considerations, 1028 
grab sample, taking of, 1029 
Liquids, apparatus, 1021 
in motion, sampling of, 1023 


Sampling—special liquids,samplit^of, 1025 
solids—apparatus for reduction and 
preparation, 1012 
collection of gross sample, 1004 
cone and quartering of, 1010 
containers for shipment to lab., 
1018 

drying ovens for moisture det., 
1018 

long pile and alternate shovel 
method, 1009 

mixing and dividing samples, 
1016 

reduction and preparation of, 
1008 

sieves standard, 1016 
unit of, 1003 
vacuum ovens, 1019 
Sand, analysis of, 448 
silica in, 448 

.Sanger, method for traces of antimony, 
modified, 28 

Sanitary analysis of water, 1410, 1442- 
14.53 

Saponifiable matter in rublrer, 1569 
Saponification number in analysis of oil, 
1131, 1169 • 

value in oils, 1140 
Saveli, chapter on cobalt, 166 
on nickel, 321 

Saybolt viscosimeter, 111.5-1116 
Saybolt to Engler times conversion table, 
1151 

to Redwood times conversion tabic, 
1151 

Scale in water, 1441b 
Scandiiun detection and determination, 
140 

Schaeffer and Gardner, chapter on analy¬ 
sis of paints, 1161 
Schcclite, analysis of, 564 
.Scheibler and Dietrich, determination of 
carbon (reference), 125 
Schmatolla, titration of aluminum siilts 
(ref.), 11 

Schmitz, W., method for antimony m 
rubber goods, 21 

for magnesium determination, 293 
Schoeller and Powell, chapter on cerium 
and the other rare earths, 133-138 
chapter on indium, scandium and 
thallium, 139-141 
Schrootter’s alkahmeter, 124 
Schum on aluminum, 17 
Scott, apparatus, hydrogen sulphide gen¬ 
erator, 42 

evolution, for sulphur determi- 
liation in steek 543 
(and Briggs), modified Orsat for 
SO] gas determination, 1267 
arsenic and emorino in gas, 1765 
beam test of gosefi for det. dust, 1763 
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Scott—chapters on AI, Sb, As, Bs, Bo, Br, 
CM, Ca, C, Cl, Cr, (5u, f', h Fc, 
Pb, Mg, Mn, Hg, Mo, N, I^, Si, 
Sr, S, fa, 8n, Ti, W, U, V„ acid- 
imetry, decomposition methods, 
iron and stem, slags, miscel¬ 
laneous, etc. 

convereion tables—elements and com¬ 


pounds XVIII, 683-698 
formula for gas velocity det., 707, 12.3.') 
formula for ailuting solutions, l.')33 
methods—calcium acetate m. for det. 
fluorine in fluorspar and alkali 
fluorides, 223 

diphcnylamine method for chro¬ 
mium, 164a 

diphenvlaminc method for iron, 
2.57b 

fluoride method for free acid in 
aluminium sidts, 12 
lead, dot. by chromate-ferrous-di- 
jihcnylamine method, 2781> 
lead, determination of traces by 
acetate extraction, 279 
(and Bowman), nitric acid, de¬ 
termination of, with ferrous 
sulphate, 1.512 

sulphur, combustion method for. 


.547 

Scivmon’s volumetric mcthoil for deter¬ 
mining mercury, 312 
Sediment, determination in oils, 1132b 
Sedgwick-Raftcr water examination, 144.5 
Scckcr-Clayton method, modifled, for dot. 
. traces of lend, 282 
Seidell. A., on det. solubility of sub., 1469 
Selcnious acid ppt. of Zr, 622a 
Selenite of soda, 440b 
Selenium, commercial, analysis of, 439 
in sulphuric acid, det., 1.527 
Selenium, detection of, 430, 431 
estimation, gravimeme methods; 
by reduction with potassium iodide, 


436 

by reduction with SOs, 433, 43.5 
volumetric method, 440a 
estimation, special methods in refined 
copper, 202, 440a 
in commercial selenium, 439 
in complex mixtures, 431 
in glass, 440b 
occurrence, 434 

separation of selenium and tellurium 
from iron, zinc and other members 
of the group, and from the alka¬ 
lies and alkiuine earths, 432 
from tellurium by Keller’s method 
and by distilIation.method, 432 
and tellurium, determination of, in 
refineries, 439 
in copper, 440c 

apparatus for separating (Fig. 57), 433 


Sellers, W. S., apparatus for tin det., 8.35 
Semi-drying oils, list of, 1146 
Separations of copper compoimds, 208 
general procedure for iron, 248 
of metals—qualitative table of, 628-629 
Separatory funnel and graduate (Fig. 
130), 12.36 

SesamiS oil (see under Oils, Fats, Waxes), 
1139 

Setting time for cement, 1210 
Shale oil, valuation of shale, 13.50 
Shelton’s method for traces of antimony, 
29 

Shields’ formula, 12,58 
Shiraer’s combustion apparatus for deter¬ 
mining carI>on, 116 

method of analyns of cement rocks, 
1214 

Short iodide method for cop))cr, 19.3b, 211 
Sieves, standard, 1016 • 

Silica, in arsenous oxide, .5.3 
in aluminum hydrate, 17h 
in barium ores,' 67 
in bauxite, 17f 
in calcined ore, 17j 
in iron and steel, 445 
in hydrochloric acid, 1.502 
in paint pimnents, 1187 
in Portland cement, 1216 
in sand, 448 
in slag, 1610 
in soap, 1604 
in sodium fluoride, 228 
in titaniferous ores, .5.52 
in ultramarine blue, 1193 
in water, 1422 

removal of, in sulphur det., 497 
Silicates, alkalies in, J. liswrence Smith 
method, 416 

decomposition of, for fluorine determi¬ 
nation, 214 

for iron determination, 248 
list of, acid-soluble and acid-insoluble, 
443, 444 

materials high in, decomposition fur 
chromium determination, 157 
Silicate of soda, analysis of, 447 
Silico-fluoride test for potawium, 404 
Silicon, detection of, 441 
errors, causes of, 442 • 
estimation, method of determination, 
general procedure, 446 
special procedures; 
determination in alloys, 1095, 1103 
in metallic aluminum, 16 
combined silicon in iron and 
steel, 270, 445 

graphitic silicon in aluminum, 17 
tungsten metal and alloys, 572 
occurrence, 441 

preparation and solution of the sample, 
general considerations, 442 
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Silicon, decomposition of silicates with 
acids, 448 

fusion and solution methods, 17a 
fusion methods for silicates not de¬ 
composed by acids, 444 
methods for decomposition of cari)ido 
and carborundum, ferrosilicon, 
iron and steel for silicon, slogs 
and roasted ores, sulphides and 
pyrites, chromium, molybdenum 
and tunraten steels, 445 
in iron and steel, ^0, 1308 
in metallic aluminum, 17a 
in nickel, 336e 

Silicon alloys, analysis of, 17e 
carbide, 445 

Silver arsenate method for det. arsenic, 45 
Silver, detection of, 451 
estimation, ijeneral procedures: 
gravimetric, by electrolytic deposi¬ 
tion, 455 

as silver chloride, 453 
as silver cyanide, 455 
volumetric, combination methods, 
462 

Denis's cyanide method, 462 
Gay-Lussac method, 457 
miscellaneous methods, 403 
nephelometric method, 463-465 
procedure for determining silver in 
lead, 286 

U. S. Mint method, 458 
■ U. S. Mint tables, 461 
Volhard’s method with thiocya- 
^ nate, 456 

in ores, 466, 488 
occurrence, 452 
preparation of pure silver, 463 
Silver bullion, fire assay of, 484 
Silver, fire assay of, 566-5^ 

Silver, recovery from residues, 461 
Silver, refined, platinum and palladium 
in, 386 

solubility, 452 

Silver arsenate, determiningof, in arsenic, 45 
bromide, precipitation of, 94 
carbonate roo^nt, 1758 
chloride, precipitation of, 148n 
chromate method for chlorine, 150 
cyanide, determination of silver ns, 455 
iodide method for iodine, 239 
nitrate detection of bromine, 92 
method for chlorine, 148 
for strontium, 492 
paper for traces of antimony, 29 
standard solution, 1417 
N/IO solution, 149, ISO 
trat for chlorine, 142 
volumetric method for alkalies, 418 
nitrite reagent (alkaline), 1745 
thiocyanate method for bromine, 95 
-ferric alum method for chlorine, 149 


Silver-sulphate-sulphurous acid method 
for (listing, copper compounds, ^ 
Simpson’s process for opening up titanif- 
erous minerals, 576 

Skinner and Baughman on iodine in 
water, 245 
Skinner, W. W., 97 

Skowronski, S., det. Pt and Pd in refined 
gold. 387 

Slag analysis, chapter on, 1609-1615 
decomposition of, 1610 
Slag (matte), decomposition of, for copper 
determination, 179 

and silicious ores, decomposition of, for 
fluorine determination, 214 
decomposition of, for manganese deter¬ 
mination, 296 

, decomposition of, for silica determina¬ 
tion, 445 

Slime, cop^r, Se and Te in, 440a 
Pb, Se and Te in, 4^n 
Sling psychrometer, 1272 
Slipbands, metallography, 1717 
Slow method for copper (electrolytic det.), 
188 

Smith, E. F., electro analysis of plati¬ 
num, 329 

Smithj F. H., method for onaly. of phos¬ 
phoric compds., 1521 
Smith, J. L., alkali det., 416 
Smoke in chimney gases, 12.55 
Smokeless powder, analy. of, 1404 
Smoot, A. M., on molybdenum, 313, 322 
on tungsten, 554, 560 
platinum, palladium, gold and silver 
assay, 488 ♦ 

Snake weighing tulie, 1499 
S<»p, detection of, in lubricating oil, 
1121 

Soap bar, liquid, powder and chips, 1.598 
analysis of, 159^1608 
acid number of fatty acids, 1604 
alkali combined, neutral soaps, fatty 
anhydride, 1601 

alkali free, free acid, free curb., sili¬ 
cate, borax, phosphate, starch, 
etc.^ in, 1600-1607 
alcohol insoluble, analy. of, 1600 
borax in, 1604 
carbonates in, 1605 
chloride in, 1602 
glycerol in, 1607 

moisture and volatile matter, 1600 
phenoiphthalein in, 1606 
rosin—^Twitchell’s and Wolff’s meth¬ 
ods, 1602 
sampling of, 1598 
silica in, 1604 
starch in, f607 
su^ in, 160? 
suTphates in, 1603, 1606 
titer test of, 1603 
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Soap —unsaponified and unsaponifiable 
matter, other and irasolme meth¬ 
ods, 1602 

volatile hydrocarbons in. 1608 
water soluble and insoluble matter, 
1602 

Soda asbestos for C dot., 1354 
Soda ash, analysis of, 1554, 1783 
Soda, value for, in water analysis, 1441 
Sodium bicarbonate, 1554 
Sodium, detection of. 401 
estimation, general procedures: 
difference method, 410 
indirect method, 413 
sodium chloride, determination as, 409 
sulphate, determination of, 409 
estimation, special procedures: 

sodium and potassium in water, 1427 ' 
potassium and lithium in presence of 
one another, determination of, 410 
potassium and magnesium, in pres¬ 
ence of one another, determination 
of, 413 

preparation and solution of the sample, 
404 

separation from potassium, litliium, 
rubidium and emsium, 405 
Sodium arsenite, method for det., 17c 
reagent, 240 

Sodium carbonate, analysis of, 1554-1556 
fusion test of silicates, 431 
fusion with, 248 
in sodium fluoride, 223 
or bicarlionate, fusion of silicates, 434 
« determination in presence of acids of 
sulphur, 515 

preparation of the pure salt, 1493 
chloride, arsenic in, 51 
effect of, in silica determination, 436 
estimation of sorlium us, 409 
det. in presence of S comps., 415 
in silicate of soda, 438 
in table salt, 419 
fluoride, analysis of, 226 
in hydrosufphidc, 413 
in sodium fluoride, 224, 226 
in sodium nitrate, 349 
Sodium hydrosulphite, det. of, 516 
Sodium hydride, alcoholic solution, 1168 
analysis of, 1552 
specific gravity table, 676, 1558 
standard solution of, 1167,1351,1364 
hydroxide fusion of ores, 20 
of tin ores, 527 
test for platinam, 377 
N/10 n^gent for phosphorus deter¬ 
mination, 368 
table, 676, 1558 

mctabisulphite, alkali titration of, 513 
determination in presence of carbon¬ 
ates, chlorides, sulphates, sul- 
^ phito, thiosulphates, 515 


Sodium tritrite standonliKdution, 1414 
oxide, determination in silicate of soda, 
437 

in ultramarine blue, 1193 
peroxide chemical for calorimetry, 1835 
peroxide fusion from chrome iron ores, 
157 

fusion of tin ores, 527 
method for halogens in organic mat¬ 
ter, 146 

method for decomposition of organic 
matter, 14ff 

iScc also under Peroxide 
test for iron, 246 

potassium and the other alkalies, chap¬ 
ter on, 401 

potassium in water, 1427 
Sodium pierate for etching, 1705 
pyroaiitimonate, tesk of sodium as, -401 
p.\TogalIate., oxygen det. with (note), 
1246 

salts in tetryl, 1395 
Sodium selenite, analysis of, 440b 
sulphate, estimation of sodium us, 408 
in sodium fluoride, 223 
in sodium nitrate, 340 
test for strontium, 489 
sulphide, available H^S in, 509 
analysis of, 1762 

sulphite, acid titration of, 412, 514 
(ictermination of, in presence of car¬ 
bonates, chlorides, mctabisul- 
phites, sulphates and thiosul¬ 
phates, 514 

thiosulphate, detection of aluminum 
with, 3 

determination of aluminum with, 9 
determination of, in presence of car¬ 
bonates, chlorides, metabisul- 
phites, sulpliates and sulphites, 
514 

standard solution for cop[icr deter¬ 
mination, 193 

N/10 solution of, 240, 1152, 1190, 
1194, 1279 

test for molylxlcnum, 313 
Softening of water, 1441b 
Soils, nitrogen in, 350 
Solder, antimony in, 28 , 
soft and white metal, analysis of, 1047- 
1048 

Solenoid apparatus, electrolysis of cup(ier, 
187 

method of Heath for det. copper, 187 
Solidification points in explosives. See 
subj., 1391, 1392 

Solid phia^, identification of, 1480 
Solids in explosives, separation of, 1385 
in water, 1421 
metals in acetic acid, 1547 
non-volatile in nitric acid, 1512 
sampling of, 1003 
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Solubilities, elements, their oxides and 
salts, given under Kstimation. See 
chapters. 

Solttbili^—chapter on, 146&-1490 
qualitative table of, 654 
McDaniel method, 1488 
det. apparatus, 1470-1479, 1488 
distribution coefficients, 1486 
electrolytic conductivity method, 
1486 

freezing point method, 1483 
of gases in liquids, 1487 
saturated solution, analysis of, 1480 
synthetic method, 1482 
solid phase identification of, 1480 
separation of saturated sol. from 
solid, 1480 

titration method, 1484 
volume chanim method, 1484 
table of metallic compounds, 654 
Solution method for rubber, 1597a 
for silicon, 17a 
Solvents of riiblxir, 1.573 
Soundness or constancy of volume of 
cement, 1202 

Specific gravity—bituminous substances, 
129.5-1297 
cement, 1204 

charts of sulphuric acid, 1.524 
definition and methods of det., 709, 
1502 

animal and vegetable oils, 1124 
burning oils, 1111 
lubricating oil, 1111 
turpentine, 1173 

gases—table XXIII, 706, 1274e- 
1274g 

hydrometer method, 1111, 1502 
of cement, 1204 
of gas, 1262, 1274a 
of oils, 1111 

pycnometer method, 1493, 1494 
rubber 1.574 1578 
Westphal balance method, 1111 
Specific heat, definition of, 708 
of gases, 1280 

Specific volume of degree Chancel of S, 519a 
Specifications for cement, 1202-1214 
for elements ir steel, 1371-1371d 
for carbon, 261, 1371 
for manganese, 267, 1371a-1371d 
for phosphonis, 238, 1371a-1371d 
for silicon, 270, 1371b-1371d 
for sulphur, 269, 1371a-1371d 
Spectroscopic method for determining 
lithium. 414 

Spectrum, detection of barium by means 
of, 56 

of cadmium, 100 
of ctesium, 403 
of calcium, 104 
of lithium, 403 


Spectrum of potaffiium, 402 
of rubidium. 403 
of sodium, 401 
of strontium, 489 
of thallium, 522 
Speisscs, decomposition of, 20 
Spelter, impurities, determination of cad¬ 
mium, iron, lead, 610 
Spence’s method for nibber analysis, l.‘)67 
Spent oxide, evaluation of, 518 
Sperm oil, 1147, 1149 
Spiegel iron, manganese determination in, 
.306 

Spirits of wine, ethyl alcohol, 1.521 
Spontaneous combustion test of oils, 1140 
Stains, standard for arsenic det., 47 
Standard acids, 1494 
Standard reagents. See Reagents. 
Standards for Chinese wood oil, 1169 
linseed oil, 1171 
turpentine, 1173 

Stannic acid method for tin in bichloride 
by hot water precipitation, .527 
Stannous chloride, action on hydrochlor- 
platinic acid, 377 
apparatus (Fig. 41), 373 
method for iron, 260 
reduction for ferric solution, 2,53 
test for mercury, 308 
Starch in explosives, 1378, 1.390 
in paix;r making materials, 1781-1782 
in soap, 1607 

Starch solution, preparation of, 241, .501, 
14.32, 1.5.57 
preservation of, 241 
Stas overflow pipette, 444 
on iridium, 

Stead’s method for separation of arsenic, .37 
Steel, elements dot. in. See Iron and 
Steel Analysis. 

Steiger-Merwin method for determining 
fluorine, 220 

Stephen’s method for sulphur in rublier, 
1.579 

Stopcock gresse, 1686 
Storm, C. G., on explosives, 1372 
Stromaycr and Rc^, separation of Iwi- 
rium from calcium and strontium, 60 
Strondom, detection of, general procedure, 
flame test, sodium sulphate test, 
spectrum, 489 

estimation, general procedures: 
gravimetric, as carbonate, 491 
as oxide, 491 
as sulphate, 491 

volumetric, aikalimetrio method, 491 
chloride titration with AgNOj, 492 
occurrence," ores and minerals, 489 
preparation and solution of the sample, 
490 

separation from alkalies and magne¬ 
sium, 490 
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Strontium, sep. from barium, 490 
from calcium, 61, 490 
solubilities, 490 
Strychnine, tests for, 1734 
Subcarbonate of bismuth, precipitation 
of bismuth as, 74 
Suction ventilator (Fig. 103), 1217 
Sujiar in explosives, 1388 
m soap, 1607 

test for, in explosion, 1385 
Sulphanilic acid reagent, 1414 
Sulphate method for dct. barium, 64 
method for dct. cadmium, 101 
method for det. calcium, lOSd 
method for det. lead, 274 
method for separating alk.alinc earths 
from the alkalies and magnesium, 
60 

for determining lead, 274 
for det. strontium, 491 
Sulphates in gypsum, lOSi;, 1188 
soluble in blano fixe, 1189 
in soap, 1606 

in sublimed white lead, 1180 
in water, 1427 

Sulphates and sulphides in presence of 
one another, determination of, 511 
determination of, in presence of other 
sulphur acids, 514 
Sulphide, detection of, 493 
determination of tin os, .529, ,532 
in composite white paint, 1186 
ores, evaluation of, by combustion 
method, .504 
solubility, 495 

Sulphide stains for det. sulphur, .520 
Sulphide and sulphate det. in presence of 
each other, 511 

Sulphide and sulphohydrate in pn^aenee 
of one another, determination of, 
510 

Sulphide ores, decomiMwition of, 19, 3.5, 
57, 105, 178, 247, 272, 44.5, 49.5, 
498 

Sulphide sidphur, det. of traces, 520 
Sulphites, iodine titration of, 512 
detection of, 493 

Sulphites in presence of other sulphur 
acids, determination of, 514 
solubility, 495 

sulphurous acid test for vanadium, .583 
Sulphocyanate (thiocyanate), 181, 184, 
261 

Sulphocyanate calorimetric methmi for 
iron, 261 

Sulphohydrate in presence of sulphide, 
det. of, 510 ^ 

Sulphur, amoi^hous <\et‘ of, 519a 
Sulphur chloride in rublier, 1571 
Sulphur dioxide, traces in atmosphere, 
1283 


Sulphur, detection of, element. 493 

sulphide, sulphites, sulpnates, thio¬ 
sulphates, 493 

estimation, ^neral procedure); 
gravimetric, as bwum sulphate pre¬ 
cipitated from hot solutions, 
497 

as barium sulphate precipitated 
from cold solutions, larip! vol¬ 
ume, 49S 

combustion method for sulphide 
ores, .504 

volumetric methods, titration with 
barium chloride, and potassium 
dichromato (Wildenstem’s meth¬ 
od), .505 

lairium chromate-iodine-thiosul- 
phate method of Hinnian, .506 
lamzidine hydrochloride method, 
.507 • 

evolution method for S in iron 
and steel. .500, 502 
iron ore briquettes, sodium 
sulphide, 403 

estimation, sjxicial procedures: 
available, in brimstone, 519 
determination of sulphur in alloys, 
1075, 1087. 1107 
in ash of rubber, 1591 
in black powder and explosives, 
1.373, 1.377, 1389 
in coal, 495, 1619, 1646 
in copperj 204 

in ferlierite, wolframite, scheelite, 
564 

in ferro-tungsten and metal, 572 
in fuel oils, 1112 
in gas, 1260 
in gram alcohol, 1747 
in iron and steel, 269, 1366, 1868 
in materials high in sulphide sul¬ 
phur, determining available 
HA 509 

in mechanical rublier goods, 1569, 
1.58.5, 1588-1591 
in a mixture, 517 
in oils, 1130 

in oils and liquid fuels, 1112 
in Portland cement, 12(^ 
in refined sulphurs, 519 
in rocks, silicates, insoluble sul- 
pHaI/Cs 49S 

in rubber, 1569, 1585, 1588-1589 
in spent oxide, 518 
in sublimed blue lead, 1194 
in steel, 269 

in thiocyanic acid and its salts, 
511 

in ultramarine blue, 1193 
residual, in spent oxide, 519 
Sulphur, refined analysis of, 519 
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Sulphur dioxide test for raolyhdonum, 313 
in zinc lead and leaded zinc, 1182 
method for determining selenium, 435 
tellurium, 437 

reduction of vanadium to VjO<, 688 
test for titanium, 638 
Sulphuric acid, analysis of, 1624, 1628. 
1783 

arsenous acid in^ 36 
combined, in sihcate of soda, 438 

? ;a8cs, 1264 
ree, det. of, 607 

mercury method for (listing, copper 
compds., 211 
mist in gases^ det., 1763 
normal solution of, 1168, 1491 
Sulphuric acid in aluminium salts, 12 
in amraoniacai liquor, 345 
in aisonous acid, 63 
in acetic acid, 1^6 
in hydrochloric acid, 1501 
in hydrofluoric acid, 1508 
in nitric acid, 1610 
(anhydride) in oleum and mixed 
acids, 1530 

in paint pigments, 1180, 1184, 1188, 
1186, 1190, 1194, 1196, 1196 
in rabbet, 1569. 1685, 1588-1691 
in standard solution, preparation of, 
1494-1495 

for Devarda’s alloy, 346 
specific gravity table, 1534 
strength for equilibrium with atmos¬ 
pheric moistuie, 1494 
test for oils, 111^ 
test for seleniumr430 
Sulphuric acid method for Si in steel, 
1368b 

Sulphurous acid m. for det. copper 
compds., 208 

free or combined, in sulphites, acid 
sulphites, mctabisulphitcs and 
thiosulphates, determination of, 
gravimetric, 511 

free or combined in sulphites, acid 
sulphites, motabisulphitcs and 
thiosulphates, volumetric meth¬ 
od with iodine, 512 
free or combined in sulphites, acid 
sulphites, metabisulphites and 
thiosulphates, acidimetric and 
alkalimetric methods, 513 
in acetic acid, 1647 
in hydrofluoric acid, 1508 
reduction of ferric solution, 252 
of chlorate, 162 

Sumac extract. See Tannic Acid. 
Sunflower oil constants, 1147, 1149, 1172 
Surveillance test of powder, 1406 
Sutton, permanganate titration of ^ted- 
cium oxalate, 108 


Tables, Acids, qualitative separations, 
530,546-563 

acetic acid (Oudemans’), Table XII, 
674.1648 

melting-points of (Rudoifl) 
TabfeXIII, 674 

hydrochloric acid (Ferguson), Table 
V, 660, 661, 1604 
(Lunge and Marchlewski), 662 
constant boiling-points of, 662 
nitric acid (Ferguson), Table VII, 
663, 664 1617 

nitric acid (Lunge and Rey), Table 
VIII, 665, 666 

phosphoric acid (Hager), Table IX, 
667, 1517 

sulphuric acid (Ferguson and Tal¬ 
bot), Table X, 668-671, 1534- 
1639 

(Bishop), Table XI, 672, 1051 
approximate boiling-points, 669 
fuming, 673 

charts of sp. gr. and b. p., 1624 
alcoholic sp. gr., 1748-1752 
alkali(!s; 

aqua ammonia (Ferguson), Table 
XIV, 675, 15.59 
coeffi(4ent of expansion, 675 
sodium hydroxide (Lunge), Tabic 
XV, 676, 1558 
alloys, list of, 1037-1039 
atomic weights. See front cover of 
IxKik. 

Baum5 dcfpees and ^cific gravity 
comparison. Table XX, 701 
bituminous substances, 1290-1292, 1294 
buoyancy constants, 1692 
Centigrade and Fahrenheit degrees, 
comparison. Table XIX, 700 
compounds, inorganic, useful data 
(Meiklejohn), Table XVII, 679- 
683 

conversion factors (Scott and Meiklc- 
john). Table XVIII, 683-698 
density of water, 1693 
electromotive arrangement of elements. 
Table IV, 659 

Engler, Redwood, and Saybolt times, 
comparison table^ 1151 
fatty acids, characteristics of, 1147 
fluorine chart, ^parent per cent TiO, 
and grams F., 221 
gases, aqueous vapor in air. 1280 
chimney or flue, table of calculation, 
1254 

detection of, property tables, 1234 
efliciency and loss chart, 1194 
specific neat of, 1280 
sulphur dioxide, iodine values for, in 
Reich method, 1265, 1266 
table of constants, 704, 706 
hardness in water, 1439 
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j.<>ui^,^uoBv uj cymciywon of compounds, 

heat of fu^oit^fd^eleiiients and com¬ 
pounds, 721 

indicators and their usee, 1491 
Thomson’s table, 1492 
Jackson’s candle turbidimeter, 1620 
logarithms and antilogarithms, 713-716 
meltiiw-points of the elements. Table 

a 668 

metric and cuetomary unite, 7{B 
minerals, list of commom717' 
oil, chuacteristics of, 16^2 
permanent standards, ammonia in 
water, 1414 ' 

qualitative teste, 625-663 
rate earth elements, 133 
separation of Pt group elements, 387b 
silver, tables of wts., U. S. Mint, 461-462 
specifications for elements in steel: 
carbon in steel, 265 
manganese in steel, 267 
phosphorus in steel, 268 
silicon in steel, 270 
sulphur in steel, 269 
temperature, standards of measure¬ 
ment, 658, 659 

from color of heated metal, 659 
of flames, 668 
constants, 659 

turbidimeter sulphur table, 1620 
vapor tension of water in mm. Hg at 
—° C. (Regnault, Broch and 
Weibe), Table XVI, 678 
water, density of, 1693 
water, weight o^ 1694 
water, outline of procedure for analysis. 


1421 

standards of purity table of Illinois 
State Geological Survey, 1420 
waxes, characteristics of, 1150 
weights and measures, comparison of 
metric with customary unite. Table 
XXI, 702 

Talbot’s method for separating tungsten 
from tin and antimony, 558 
Tallow, constants of, 1147, 1149 
Tannates and tannic acid, analysis of, 1760 
Tannin in Al(OH)( precipitation, 1773 
Tantaliferous minerals, 676 


opening up of, 576 
Tantalum, detection of, 676 
estimation, method for determining, 575 
occurrence, ores and minerals, 676 
preparation and solution of the sample, 
676 

tantaliferous minerals, 676 
separation, isolation of tgntalum oxide, 
676 

removal of antimony and tin, tung¬ 
sten and silica, 577 
solubilitiee, 676 


'Par. Sec Bituminous Substances, 1289 
Tartar emetic, antimony in, 33 
Tartaric acid, Goldenberg’s method for, 
1651 

Oldman’s method for, 1660 
oxidation of, in titanium determina¬ 
tion, 642 

Tellurium, detection, general procedure, 
430 

test for, in complex mixtures, 431 
estimation, 437 

gravimetric, determination as diox¬ 
ide, 437 

hydrazine hydrochloride 80» meth¬ 
od, 437 

reduction with sulphur dioxide, 438 
volumetric method, 427, 440d 
occurrence, 421, 434 
special procedures, 440 
separations (see Scleflium), 432 
and selenium, determination of, in cop¬ 
per, 440a, 440c 
in flue dust, 440a 
in lead slimes, 440a 
apparatus for separation of (Fig. 67), 
432 

Tellurium and selenium in refineries, 430 
Temperature determination of flue gas, 
1263 

estimation of, by color of heated metal, 
659 

Temperature of flames, 658 
Tension strength of cement, test for, 1212 
Terminal case (Fig. 27), electrolytic de¬ 
termination of coOMr, 186 
Test lead method Iot reducing ferric- 
salts, 251, 253 

Test paper for antimony stains^ 30 
Tetrabromide in rublier analysis, 1668 
Tetryl, analysis of, 1394 
Thallium detection and determination, 
140b-141 


Thallium protoxide test for platinum, 377 
Thermometer, uniting thread in, 1645 
Thiocyanate pption. of chlorine, 149 
potion, of copper, 181, 183 
(Volhard) for silver, 456 
method for determining iron, 261 
Thiocyanic acid, sulphur in, 511 
Thiosulphate of sodium, ^/lO solution of, 
240 

determination of, in presence of sul¬ 
phide and Bulphohydrate, 610 
detection of, 493 
gravimetric method for, 511 
method for separating Th, 523a 
precipitation of Cii in steel, 13^ 
reagent for iodine numtier.in oils, 1128 
solubility, 495 

volumetnc iodine method for, 512, 742 
stanAud solution, 742, 1167 
Thomas electric gas meter, 1235 
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Thomaon. boric acid in milk, 8:5 
method for iron, 258 
Thomson’s table of indicators, 1491 
Thornton and Chapman on iron det., 258 
Thoria, sep. from other rare earths, i:54 
cerium in, 138 

Thorite, decomposition of, 522 
Thorium, detectioii of, 522 
estimation, gravimetric method, 524 
minute amounts of, 524 
preparation and sedution of the sample, 
monasite, tborianite, gas mantle 
residues, 522a-5221) 

separations, pyrophosphate and thio¬ 
sulphate methods, 523, 5231) 
'Phresh’s method for bismuth, 78 
'I'hymol method for titanium, 550 
Tin, detection of, 525 
estimation, ^nerol procedures: 

gravimetric, Tjy electrolvtie method, 
536 

bv hydrolysis and ignition to oxide, 
'528 

as sulphide, 529 

volumetric, iodine method of lanis- 
sen, modified by Ilaker, 5:52 
iodine method for, 5:56a 
estimations, siiecial procedures: 

determination of, in alloys, brass and 
bronze, 5:56a, 8:52 

in alloys, general, 1054, 1059, 1060, 
1072, 1077, 1079, lia5 
in bichloride of tin, 5:50 
in lironze, A. S. T. M., 104:5 
in canned foisl pnalucis, 5:56 
in canned goods, 537 
in gun metal, A. S. T. M., 1059 
in metallic lead, 288 
in nickel, 33Go 
in soft solder, 1047 
in tungsten ores and concentrates, 
566 

in ty[)e nxdal, 1046 
in water, 1437 

preparation of the sample, o])ening up 
tin ores, 525 
cyanide process, 526 
hydrogen reduction, .527 
Sellers apparatus for detection, .535 
sodium carfionate rnethcxls, 527 
hydroxide method, .527 
peroxide method, 527 
separation, general procedure, .527 
from aluminum, antimony, .528 
in water, 1433 

from antimony in alloys, 1092 
from arsenic, 39 
from arsenic in alloys, 1044 
from copper, lead, 527 
from phosphorus, tungstic iicid, 548 
standara solution of, 533 
Time required in gas analysis, 1251 


Titaniferous ores, analysis of, determi¬ 
nation of titanium, aluminum, iron, 
silica, phosphorus, 551, 553 
sla(p, decomposition of, .540 
Titanium Alloy Manufacturing Company, 
methods of, 542, 547-550, 551 
Titanium, detection of, 538 
application and occurrence, 538 
estimation, general procedures: 
gravimetric, Gooch-Thomton meth¬ 
od, modified, 542 
ferro-carbon titanium, 643 
volumetric, by reduction and direct 
titration with ferric salt, 544 
by zinc reduction, addition of 
excess ferric salt and titration 
with permanganate, 544a 
hydrogen peroxide colorimetric 
method, 545 

estimation, special procedures: 
in alloys, 1096, 1103 
in bauxite, 17g 

in steel treated with ferro-carbon, .547 
hydrochloric acid-insoluble titanium, 
.549 

-soluble titanium, .548 
occurrence, ores and minerals, .5.38 
preparation and solution of the sample, 
alloys, element, ores, oxides, salts, 
steel, titaniferous shvgs, 538-539 
separation from alkaline earths, ,541 
from aluminum, iron, copper, 541 
from bivalent metals, cobalt, nickel, 
manganese, zinc, .541 
standard thymol solution, 478 
Titanium pigments, aniUysis of, .5.53 
Titanous salt in det. iron, 258 
'ritanox, analysis of, 119(), 1192 
Titer test for oils, 1142 
standard solution of, 551 \ 

test for soap, 1603 
Titration of acids and alkalies, 1497 
TNT. 5iee Trinitrotoluene, 1391 
Toleramaa in weighte 1698 
Topf method for MnOj, 290d 
Traces. Sec under estimation of clement 
in ((uestion. 

aluminum, detection of, with alizarine 
S, 3 

determination of, with alizarine .S, 14 
ammonia, 345, 1412 
antimony, detection of, 18 
determination of, 28 
arsenic, detection of, .34 
determination of, in acids, sulphuric, 
hydrochloric, nitric, phosphoric, 
in alumina and iron ores, phos¬ 
phates, salts, baking powder, 
canned goods, meat, etc., 4.5, ,52 
barium, detection by flame and spec¬ 
trum, 56 
beryllium, 68 
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Tra(^, bismuth, colorimetric procedures 
for estimation of, 77, 78 
boron, tests for, 79 

. calcium, detection by flame and siiec- 
trum, 100, 104 

carbon, colorimetric estimation of, 128 
cerium, and the other rare earths, 
detection of, 133 
chlorine, detection of, 142 
chromium, detection of, 156 
determination of, 162 
cobalt, detection, 168 
determination by nitroso-Uita-imoh- 
thol, 169 

columbium. See Tantalum, 
copiier, detection of, 177 
determination in small amounts, 197 
in water, 1433 

fluorine, detection of, 212, 213 
estimation of, 227 
glucinum, detection of, 68 
gold, detection of, 228 
determination of small amounts, 232 
indium, 139 

iodine, detection of, 236 
iron, detection of, 246 
determination of small amounts, 261, 
262 

lead, detection of, 271, 1433 
determination of small amounts, gra¬ 
vimetric, 279 
colorimetric, 281 
lithium, detection of, 4t)3 
magnesium, detection of, 291 
manganese, detection of, 29.'^ 
determination of small amounts, 39.5 
mercury, detection of, 31)8 
molybdenum, detection of, 313 
nickel, detection of, 329 
detormination of small amounts, 332, 
333 

nitrogen, ammonia, Ncssler’s test for, 
337 

determination. Sta; Ammonia under 
Traces. 

nitric acid, detection, 337 

determination of small amounts, 
1512 

nitrous acid, test for, 337 
estimation of, 1516 
phosphorus, detection of, 362 
platinum, detection of, 376 
platinum metals, detection of iridium 
388 

osmium, 396 
palladium, 382 
rhodium, 393 
ruthenium, 390b • 
potassium, detection of, 401 
rubidium, detection of, 403 
seleniimi, detection of, 431 
scandium, detection of, 140 


Tn^, silicon, detection of, 441 
silver, detection of, 451 
determination of small amounts, 463 
sodium, detection of, 401 
strontium, de^tion of, 489 
determination of small amounts, evo¬ 
lution method, 500 

sulphur, combined and free, detection 
of, 493 

tantalum and columbium, detection of, 
575 

tellurium, detection of, 431 
thidliiim, detection of, 140b 
thorium, detection of, ,522 
tin, detection of, 525, 1433 
determination of, in canmnl hsMl prcxl- 
ucts, 536 

titanium, detection of, .538 
colorimetric meth 9 d, 54.5, .547, 5.50 
tungsten, detection of, .5.54 
uranium, detection of, 578 
vanadium, detection of, .58!$ 
determination of small amounts, .591, 
595 

zinc, detection of, .597 
determination of small amounts, 607 
zirconium, detection of, 618 
Treadwell and Hall, sec paro references 
Transition tcmpcratimw, 1480 
Trinitrotoluene, examination of, 1391 
'I'risidphide of antimony, determination 
of antimony ns, 23 

arsenic, determination of arsenic ;ui, 40 
Trogg and lenher, precautions on silica 
determination, 447 
True silica, estimation of, 446 
Tung oil (Chinese wckxI oil), examination 
of, 1169-1170 

A. S. T. M. sijcciflcations, 1170 
'rungstate method for calcium, 108d 
Tungsten, detection of, in alloys and steel, 
5.54 

in minerals, 5.54 
rstimation, (navimetric, .5.58 
isohation of, ny cinchonine method, 561 
aqua regia method of Watts, 564 
volumetric method, .564 
estimation, siMteial procedurts, 658 
tungsten bronzes, .5.57 
ocrmrrencc, ores and fhincrals, 555 
ores and concentrates, .561 
analysis of, .561 
impurities in, .563 
arsenic in, 566 
copper in, .567 
manganese in, 570 . 
phosphorus in, 565 
sulphur in, 565 
tin in, 567 

powder, t^ical analysis of, 5.55 
preparation and solution of the sample, 
555 
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Tungsten alloys, steel minerals, fcrro- 
, tungsten, tunpsten bronses, 65&-567 
reagent einchomne, 661 
separation from antimony, tin, 656 
from arsenic and phosphorus, 666 
from iron, titanium, vanadium, 568 
from molybdenum by Hommell's and 
Pechard’s methods, 558, 659 
from silica, tin, 657 
solubilities of acids and oxides, 656 
steel and alloys, tungsten in, 336e, 568 
technical uses of, 665 
Tungstic acid, det. of tungsten as, 561 
Turbidimetric sulphur taUc, 1629-1621 
Turbidity tests of water, 640 
Turmeric indicator, 745 
test for bismuth, 81 

Turpentine, analysis of, determination of 
color, specinc.^vity, refractive in¬ 
dex; distillation, polymerisation, 
standards of, 1172 

Tyndall test for dust in gas (modified by 
Scott), 1763 

Tyror’s apparatus for solubility det., 1479 ^ 

Ultimate standards, 1493 
Ultramarine blue, analysis of, 1196 
Unite—metric and customary—tables of, 
702 

Universal viscosimeter, 1115 
Unsaponifiabie matter in linseed oil, 1165 
in oil, identification of, 1133, 1169 
in rubber, 1693 
in soap, 1802 

oils, detection and determination of, 
1132 

Uranium, detection of, 578 

uranous and uranyl salts, 578 
estimation, gravimetric method as oxide, 

UiOfc 681 

in camotite, 682 
in ferro-uranium, 682a 
in iron and steel, .5820 
volumetric method, 581 
occurrence, 578 

preparation and solution of the sample, 
ores, 579 

separation from HjS group elements, 
copper, bisinuth, lead, arsenic, 
antimony, 679 

from iron and metals having water- 
insoluble carbonates, 579 
from vanadium, 579, ^ 
solubilities. 579 

uranous salts, detection of, 578 
uranyl salts, detection of, 578 
uses, 578 

Uranium oxide, purity test of, 581 
Urbasch’s hydrogen sulphide generator, 42 
Useful data—inorganic compounds, table 
XVII, 679 
memoranda, 707 


U. S. Bureau of Standards 

Government specifications for petro¬ 
leum products^ 1150-1151 
Mint method for silver, 458 
Vacuum oven, 1020 
Valcnta test of oils, 1134 
Valuation of aluminum ores, 4 
of fiuors{W, 215, 222 
Vamari-Mitecherlich-Devarda method for 
nitrogen in soils, 350 

Vanadium^ de^tion, test with ammonium 
sulphide, hydrogen sulphide, hydro¬ 


comparison of chromium and vanadium 
s^te, 583 

test for, in steel, 584 
estimation, general procedures: 
gravimetric, lead acetate method, 688 
mercurous nitrate method, 587 
volumetric, HjC) or SOj reduction to 
VjOi, and titration with KMnO<, 
589 

ether extraction method for, 596c 
phosphomolybdate method for, 
596b 

sine reduction to ViO» and titra¬ 
tion with KMn 04 , 590 
estimation, special methods; 
determination of vanadium in pres¬ 
ence of antimony or arsenic, 592 
in cupro-vanadium, brasses and 
bronzes, 596a 
in ferro-vanadium, 598 
in mine and mill products, 596a 
in ores, .596a 

in presence of chromic acid, 593 
in presence of iron, 592 
in presence of molybdenum, .591 
in steel in presence or abronce of 
chromium, 591, 595 
in presence of chromium, 596 
electrometric method, 1679 
in vanadium ores, 595, 596 
industrial application, 584 
occurrence, minerals and ores, 584 
Vanicr absorption bulb, 112 
Vanino and Treubert, reduction of bis¬ 
muth salt, 76 

Van Nostrand Chem. Annual, Olsen, 104, 
109, 143, 246, 291, 308 
Vapor tension of sulphuric acidj 1494 
Varnish, analysis of, detenmnation of 
acid number, ash, fixed oils and res¬ 
ins, flash point, separation of poly¬ 
merized oils and resins, 1173, ll76 
Varnishes in bituminous substances, 1346 
Varrentrapp and Will bulbs (Kg. 117), 
1237 

Vegetable oils (see Oils, Fate, Waxes), 1123 
or animal oils, test for, 1134 
detection of manganese in, 295 


gen peroxide, reducing ^nte, 683 
-chromium in ferro-vanadium. 1681 
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iTehidcg, paint analysis, 1162 
liquid i^rcenta^ of, 1162 
separation of components, 1163 
ifelocit^r det. of flow, 707, 1235 
Vermilion, analysis of, 1195 
Veronal, det., 1732 
Vicat needle for tcstiim cement, 1207 
Victor Meyer app. tor solttbility det., 
1474 

preparation and solution of the sample: 
dcoomposition of alloys, iron and 
steel, 586 

ores, TCneral procedure, ores high in 
silica, ores low in sdica, 585 
separation from arsenii^ molybdenum, 
phosphoric acid, 586 
chromium, 587 

solubilities, element, oxides and salts, 
585 

Villavecchia test for oil, 1144b 
Virgini, arsenic determination, 41 
Viscosity of bituminous substances, 1207 
in centipoiscs of sugar tables, 1117 
in oils, determination of, 1114, 1156 
Viscosimeters for determining viscosity in 
oils, 1114, 1115 

Vogel’s modification of Pisani’s method 
for silver, 463 

Volatile combustible matter in coal, ap¬ 
paratus for, (104), 1618 
method for det. in coal, 1618 
hydrocarbons in soap, 1608 
matter in sodium fluoride, 224 
in paint, distillation of, 1163 
sulphur in coal, 1619 

Volhard’s method for determining bro¬ 
mine, 95 
chlorine, 149 
copper, 196 
cyanide, blO 
iodine, 243 
manganese, 302 
silver, 456 

Volt, definition of, 709 
Volumes, formuke for determining, 703, 
707 

unit table of, 702 

Volumetric apparatus, calibration of, 1685 
Volumetric methods. See under clement 
in question. 

Vortmaim and Metacl method for deter¬ 
mining antimony, 23 
Vulcanization, coefficient of, 1575, 1576 


Wagner's solution, 106 
Walton and Jud, app. for det. solubility, 
1474 

Warrington, traces of lead, J81 
Warwiw and Kyle on oxalate method for 
bismuth, 76 

Washing soda, analysis of, 1555 
Waste and reclaim in rubber, 1570 


Water analyaistgen^consderations, 1409 
mineral aiialysia, 1421 
abstract of general scheme of 
analysis, 1421 

acidity, determination of, 1420 
alkalimty, determination of, 1420 
alumina, determinatioi^of, 1422 
*■ ammonia, determination of, 1431 
bromine in, 83 

calcium, determination of, 1424 
calcium sulphate, determination bf, 
1441 

carlmnic acid, determination of, 
1429 

chlorine, determination of, 1433 
combinations, hypothetical, 1441c 
corrosion, acid waters, determi¬ 
nation of, 1441b 
field assay, 1441d 
foaming and prifhing, 1441b 
hardness in, 1438 

hydrogen ion concentration, det. of, 
1430, 1457 _ 

hydrogen sulphide in, 1436 
• interpretation of analysis, 1441a 
iodide or iodine in, 238 
iron, determination of, 1423 
irrigating waters, 1441o 
lead, zinc, copper and tin, dot. of, in, 
1437 

lime value of, 1441 
lithium det. in, 1428 
magnesium in, 1425 
■ chloride, 14^ 

manganese, bismuthato method of 
determining, 1426 
Kiiorre’s persulphate method, 
1426 

mineral residue in water, 1434 
nitrut<», determination of, 14.33 
oil, determination of, 1435 
oxygen dissolved, determination of, 
1436 


phosphates, determination of, 1424 
pnqmration of solutions, 1439 
residue, total mineral, determina¬ 
tion of, 1431 

scale, determination o^ 1441b 
silica, determination of, 1422 
soda, value for, 1441 
sodium and potassium, determina¬ 
tion of, 14^ 
softening of, 1441b 
sulphates, determination os Imrium 
sd^te, by benzidine method. 


traces of impurities, copper, lead, 
tin and zinc, 1433 
sanitary analysis, 1410, 1442 
ammonia, albuminoid in, 1413 
free, determination of, 1412 
chemical testa, 1412 
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Water, chlorine determination in (present 
us chloride], 1417 
color test, 1410 

interpretation of analysis, 1419 
nitro^n as nitrate, 1415 
as nitrite, 1414 
organic, 1413 

odor test, 1412 ♦ 

oxygen consumed, 1417 
physical tests, 1410 
residue, toted solids in, 1418 
turbidity test, 1410 

Water, sanitary microscopical examina¬ 
tion of, 1442-1453 
control of organisms, 1451 
collection app. (sanitary exam.), 1447 
organisms in (sanitary exam.), 1443, 
1448 

idcntiiicatioi^ of, 1449 
„ >Sedgwick-Kafter method, 1445 
Water, bacteriological examination, 14.54- 
1468 

appuatus and materials for exam., 1455 
azolitmin solution, 1458 
bacteria, total in, 1461 
briliiont-grocn lactose-pptonc bile, 1460 
B. coli, examination of, 1462 
B. typhi, examination of, 1467 
subclaseification of, 1463 
Kndo’s medium, 1459 
Hesse ivgar, 1460 
litmus-lactose agar, 1459 
nutrient agar, 1458 
nutrient broth, 1457 
preparation of culture media, 1456 
routine procedure, 1465 
Russell’s media, 1460, 1468 
sampling for examination, 1444, 1454 
sterilisation of, 1457 
Widal test for B. typhi, 1467 
Water, direct determination of, 1770 
determination in oils, 1131, 1132d 
Water in burning oils, 1113, 1131 
in paint vehicles, 1163 
percentage required in standanl sand 
mortar (table), 1201 
vapor in air, 1280 

Water gas, composition and analysis, 
1229d 

Watt, definition m, 709 
Watt s method for tungsten, 564 
Waxes, 1148 i 
analysis of, 1148 

Weber and Hints on sulphur precipita¬ 
tion, 497 

Weighing tubes for acids (Figs. 80, 81, 82, 
83), 1498, 1500 

Weights, standardisation of, 1695 
Weiss, separating sine os sulphide, 605 
Welch-Weber method lor detecting tin, 
525 

Weller’s determination of antimony, 27 


« 

Welsbach mantles, cerium determination 
in, 1.38 

Westphal balance, e§i^. bit. sub., 1295 , 
sp. gr. of oils, mmod for, lljl 
Wet combustion prt^Cias for carbon deter- 
minatkm, 120 
gold assay of minerals, 230 
Wet meter, 1634 
tests for copper, 177 
Whale oil, constants, 1147,' 1149 
Whitby’s method for silver detection and 
estimation, 452 

White lead, corroded, %nalysis of, 278b, 
1181 

sublimed, analysis of, 1177 
White metals, analysis of, 1047-1048 » 
Whiting paint pigment, analysis of, 1176 
Whitmer and Cam’s method for vanadium 
in steel, 591 

Wiborg’s method for determining carbon 
(reference), 127 

Wildenstcin’s volumetric method for sul¬ 
phur, .50.5 

Wilkie, colorimetric method for traceskof 
lead, 281 T 

Williams-Ford, method for manganese, 
306 

Wilson, L. A., on cadmium dot. and 
analy., 99 
on zinc analy., .597 

Wilson, N. F., Jr., on heat of combustion, 
719 

Winkler, titration of ammonia in Imric 
acid, 340 

Winkler’s spiral absorption apparatus for 
gas (Fig. 118), 1237 

Winterstein and Horzfcld, iodine lil»ra- 
tion with peroxide, 243 
Witherite, analysis of, 86 
commercial valuation of, 66 
Wolff’s aljsorption tube (Fig. 118), 1237 
Wolff’s method for rosin in soap, 1602 
Wolframite, analysis of, 564 
Wood alcohol (methyl alcohol), 1753 
Wurstor’s method for ozone, 1241 
Wulfenite, molybdenum dot. in, .322 

Xenon in the atmospheric air, 338 

Yatsevitoh’s reagent for etching, 1705 
Yellow pigments, analysis of, 1177,1198 
Ytterbium, 133, 135,137 
Ytterbium group, 137 

Zinc, detection of, 597 
estimation, general procedure, 597 
gravimetr\,c determination by elec¬ 
trolysis,,599 

as the oxide, ZnO, 17c, 599 
as the sulphate, ZnSO,, SOU 
rapid method, 606a 
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Zinc,volumetric methods, fcrmcyanido ti¬ 
tration; 

in acid sohttinn, 000, OOIt 
in alkalineUmtipi, 601 
estimation, spc^l prnce^faim: 
determination in alloy^in brass and 
bronse, 1063, 1085, lOiM, 1100c 
in copper (metallic), 
in le^ (metallic), 2iX)a,'617a 
in soft soldtr, 1048 
in sulphuric acid, 1627 
in water, 1437 

in zinc metal, A. 8, T. M., 1103 
in zinc dust, 607 

determination in composite white 
paint, 1190 
in nickel, 336f 

in orange and yellow pigments, I lOS 
in white lead (sublimed), 1179 
determination in nuiterial containing 
cadmium, 002 

• in material containing insoluble 
zinc, 005 

in presence of csirlxmacwous mat- 
j - ter, 602 

in prcsciMW of nadallicM, 002 
determination in ores copixr-ls-ar 
ing, GOl 

in water, 1433, 1434 
in zinc dust, 007 

moisture determination in pulp, 59S 
im^jmration of the sample, .598 
separation from antimony, arstuiic, bis¬ 
muth, cadmiiun, copper, lead, .598 
from aluminum, iron, manganese, 
cobalt and nickel, ,598-.599 
from iron, 1048 

8ul]>hidc pn^cipitationof zinc, 00.3-00.5 
Zinc sficlter, determination of impurities 
in, 610 

cadmium in, electrolytic and sulphide 
methods, 612 

iron in, hydrogen sulphide and colori¬ 
metric methods. Oil 
lead in, electrolytic and lead acid 
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estimatioii, gravimetric precipitating 
as hydroxide, 022 
as oxide in pri'sence of iron 
oxide, 0221) 
as phosphate, 022n 
occurrems!, 018 

|)n‘cipitation with selcnious acid, 022a 
preparation of sample, 619 
pn>|Kiratiun and soiution of the sample, 
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